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EXECUTIVE SUMMARY

The Little Manatee watershed is located in southern
Hillsborough and northern Manatee Counties. The river generally
flows in a westerly direction discharging to Tampa Bay near
Ruskin.

Land use in the watershed was analyzed using a geagraphic
information system. The entire watershed comprises 57,364
hectares (224 square miles). Upland plant communities comprise
13% of the watershed and consist of pinelands to hardwood
forests. Wetland plant communities constitute 9% of the
watershed ranging from saltmarsh to hardwood swamp., Water bodies
comprise 3% of the watershed, not including the river and its
tributaries.

The largest category under GIS land use is
agriculture/pasture/barren, which constitutes 73% of the
watershed. This category is very general, and includes urban
areas. Urban areas represent a small portion of this percentage.
This category is representative for subwatersheds except for the
Cypress Creek subwatershed which includes the urbanized Sun City
center area.

Streamflow and water quality in Carlton Branch, Dug Creek,
Cypress Creek, the Little Manatee near Fort Lonesome, South Fork,
and the Little Manatee near Wimauma were monitored during the
study period from January 13888 through January 19849,

Bi-weekly water quality sampling during the study year found
pronounced differences in water chemistry between the seven
stream stations. DOC and nitrate concentrations were highly
variable during the study period, Concentrations of ammonia and
phosphate were somewhat less variable and reached maximum values
between July and September. This was the approximate timeg of the
highest discharge.

Farticulate carben, nitrogen and phosphorus vary, in
general, with total suspended solids. The maximum or spike in
particulate substances for the Cypress Creek, Carlton Creek,
Wimauma and Ft. Lonesome chemographs occur at the same time but
are not present in the Dug Creek and South Prong chemographs.

The Fort Lonesome station was the most upstream site
monitored on the main channel of the Little Manatee Kiver.
Generally, water quality at this site can be characterized as
highly colored, slightly acidic, with low levels of suspended

matter and moderate levels of nuitrients. Mean values of color
and total dissolved carbon were highest at this station, probably
reflecting the input of humic compounds leached from vegetation

and litter in the drainage basin.

iii



2

The site most similar toLFort Lonesome was the South Fork,
which was the only station on that branch of the river. Mean
values of alkalinity and chloride were ranked lowest for this
station, and a number of parameters were ranked second lowest
only to Fort Lonesome (conductivity, turbidity, total suspended
snlids, particulate carbon, particulate nitrogen, calcium and
sul fate)., For some other parameters (total dissolved carbon,
ammonia, nitrate/nitrite, ortho-phosphate, and silical), the South
Ferk was ranked near the middle of the seven stations.

Of the remaining five stream sampling stations, two sites
(LMRE near Wimauma and LMR North Fork) were on the main channel of
the river while three stations were on three tributary creeks to
the main channel. These three tributaries, Carlton Branch, Dug
Creek and Cypress Creek, all flow from porth to scuth and enter
the Little Manatee on its northern bank. In general, water in
these tributaries was lower in color and more highly mineralized
than water in the main river or the South Fork. Cypress Creek
was notable for the high levels aof turbidity, total suspended
solids, particulate carbon and particulate nitrogen, probably
reflecting the soil disturbance and resulting suspended load that
was qenerated in the sub-basin during the study. Dug Creek and
Carlton Branch had the lowest mean color values found in the
study but had the highest levels of nitrate-nitrite and silica.
It is believed that the high degree of mineralization and
dissolved constituents in these three tributaries are the result
of irrigation runoff, :

The three stations on the main channel of the Little Manatee
River are Fuort Lonesome, LMR North Fork, and the LMR near
Wimauma. Examination of mean water quality values for these
three stations demonstrates the increasing mineral and nutrient
content of the Little Manatee as it flows to Tampa Bay. Some
constituents, such as nitrate, silica, T8S and sul fate show
significant levels of enrichment proceeding downstream while baoth
particulate and dissolved phogphorus show little or no
enrichment.

Salinity distributions in the estuary showed distinct
changes in response to these changes in flow., Mean water column
salinity was measured at four fixed locations in the river.
Salinity at the mouth of the river remained abaove 20 ppt until
early September, when flood flows briefly reduced salinity to
near 3 ppt. For the remainder of the year, salinities fluctuated
between 1B and 23 ppt salinity, with slight decreases in November
and January due to storm events., Maximum cbserved salt
penetration was in June, near the end of the dry season.

Salinity in the river decreased through July and August, and the
river was completely fresh except for a small salt lens at the
mouth during & flood in early September. Ry late September and
through the fall, salinity distributions had returned to more

iv
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typical profiles, although a %ignificant storm event in January
1983 freshened the river above mile five.

Dissclved coxygen concentrations in the Little Manatee River
vere at high levels during most of the year but reduced to values
below 4 mg/1 during much of the summer, indicating potentially
stressful concentrations for aguatic biota in the summer.
Differences in dissolved oxygen between sur face and bottom waters
were small, however, and it does not appear that oxygen stress
oocurs in bottom waters due to limited mixing. Generally, with
regard to temperature and salinity effects on water density and
stratification, the Little Manatee tends to be well mixed. There
are areas of the river, however, that appear to be sensitive to
factors that could reduce dissolved oxygen concentrations.

A progression from the upper reaches of the Little Manatee
estuary to Tampa Bay showed chemical differences indicative of a
change from nutrient-rich, low-salinity waters to phytoplankton
dominated, high-salinity waters. Nitrate-nitrite, silica,
particulate carbon, turbidity, and total dissclved carbon showed
distinct declines in concentrations from the upper reaches of the
estuary to Tampa Bay. With the exception of phosphorus, the bay
has much lower levels of dissclved nutrients (N, 8i) due
presumably to phytaoplankton uptake. Dissolved phosphorus
concentrations were distributed very evenly along the salinity
gradient indicating this nutrient is not limiting and is in
excess supply in the estuary. Total suspended solids were
highest in Tampa Eay, and increased with salinity in the river
due to the influence of bay water.

The Ruskin Inlet station was located in an urbanized
tributary to the Little Manatee that receives considerable

amsunts of urban runcff. Of course, salinity fluctuated much
more at this station than at the stations located on specific
salinity concentrations. Nutrient concentrations showed large

seasonal variation at this station due to stormwater inputs and
the rapid change from a meschaline (medium salinity) to a low
salinity environment.
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I. INTRODUCTION !

This is & report on water chemistry and hydraloagy in the
Little Manatee Fiver, its tributaries, and estuary. The results
presented in this report deal mainly with characterizationz of
the movement of nutrients, saolids and major 1ons thraough the
system. The report also includes a brief phyesiographical
description, including vegetative cover, land use, soils, and
climate to support fiﬁdings on the'brigih, transport and removal
of chémical constituents and solids carried by the river.

This document, along with separvate bioclogical reporte-
(Feebles, 1983}, (Rast, 13839), (Vargo, 1398B3)-are the result of
ef*arts by the Scouthwest Florida Water Manqgement District
(SWFWMD2, Florida Department of Ehvironmental Fegulation (FDER),
and Florida Department of Natural Fesources (FDNR) to develop &
system—wide undérstanding of resource management needs f%r the
Little Manatee River basin. These reports are basic information
sources to be used in ldentifying man’s influences on the river,

estimating possible degradation of the aguatic system, and

n

understanding the susceptibility of the system to future
praoblems.

SWFWMD, FDEFR and FDNE initiated this project in response to
agency and public comcern over protection of the last major river
in & relatively mnatural condition in the Tampa Day system. The

protection of the Lifttle Manatee River and estuary 13 & state

priocvity.  The river, in addition to its own vesource val UES



sonfluences water. guality ard habitat in Tampa Bay including the
1

adjacent Cochkvroach Bay dAguatic Freserwve. Hepoau

wrbanization in the basin, there 1 opportunity to develop a

compvehengive straﬁegy to anticipate and prevent problem; as the
basin is developed.

Activities to protect and re-establish living resources in
Tampa Bay cannot be fully effective without protecting the Ray's’
tributaries and their associated wetlands. Drainage basins with
natural systems relatively intact, suzh as the Little Manatee
Fiver basin should be managed as ecological and hydralogical
units. This comprehensive approach is the only effective wéy Tt
ensure that proper freshwater flows and nutrient inputs are
maintained in the estuarine part of the system.

As in many coastal systems the existing information on the
Little Manatee River and estuary was not on system-wide
processes. While localized data iz useful for individuai
regulatory decisions, lavgevfscale studies that integ%ate
physical and chemical information are essential for Judging the
zuaceptibility af the fiver to development pressures,
establishing sound management objectives and plan=z, and providing
development criteria for maintaining conditions that support

estuarine productivity.

),
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OVERVIEW OF THE LITTLE MANATEE RIVER WATCRSHED PROJECT

Fricr to initiating the study, Qe consulted with local,
state and federal agency representatives to determine fhe extent
of existing information on the system and to help eétabligh a
master plan and detailed sampling and analytical methods. During
discussions between the project team and persons with local

knowledge of the river, the fallowing concerns were ewpressed:

= 1. Upstream impoundments and water diversions have
decreased the estuary’s value as a fishery nursevrys;

Z. Nutrient enrichment has resulted from agriculture
and aguaculture operations in the watershed;

3. Future development in fhe watershed may increase
erosion and contribute to increased sedimentation and
nutrient énvichment;

= pand use planning agencies do not have sufficient
information to adequately protect watershesd featuwres and
natural processes; and

S. fFinfish and shellfish yields have decreased.

-

During the preliminary stage, the U.E. Geological Survey,
under caontvact with DEFR installed stream flow recorders on
subwatersheds in preparation for chemical and hydrological

I,
measurements on the major system comparvritments.,

After initial testing of field and laboratory methods,

formal werlk began in January 1988, The last field measwemnsnts

)
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included in thie report werd taken January 1982, although
monitoring will continue on a lesse intensive basis.

The SWFWMD conducted the field program, the majority of the
laboratory worl, and assisted in interpretation of the data.
Supplemental labovatory analyses were done by commercial
laborvatory.  The Department of Natural Resourceszs Marine Research
Institute provided mapping and descriptions of land features,
land usage and drainage patterns. The Department of
Environmental Fegulation provided @echnical assistance on
establishing methodology and interpreting chemical and physical

measurements.

=
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IT. DESCRIFTIDON DOF THE WATERSHED

SIZE AND TRIBUTARTIES

The Little Manatee watershed is located in ﬁmﬁthern
Hillsbhorough and northern Mamatee Counties. The Little Manatee
Fiver is about 40 miles in length with a contributing drainage
basin of about ZZ1 square miles (Figure Z.1). Headwaters for the
river are in a swampy area of southeastern Hillsborough County.
The river generally flows in a westerly direction dischargfng to
Tampa Bay near Ruskin. The river channel is usually well defined
uemcept in the mast upstream areas. The lower 10 to 13 mile reach
af the river is tidally influenced.

Major tributaries to the Little Manatee Fiver include
Cypress and Dug Creeks located in the northwestern portion of the
basin; Hully, Carlton, and Fierce Branch located in the north-
central portion; Howard Frairvie Bramch and Alderman Creek in the
eastern portion; South Fork in the south-central portion; and
Wildcat aﬁd Curiocsity Creeks in the western portion of the basin.
Streamflow and watef quality in Carltaon Branch, Dug Creek,
Cypress Creel, the Little Manatee near Fort Lonesome, South Fork,
and the Little Manatee near Wimauma were monitored during the

e )

study pericd from Jarnuary 1388 through January 1989, Details



Little Manatee River
Drainage Basin

*e USGS Streamflow gaging sites
'X Rainfall stations

Figure 2.1, The Little Manatee River Drainage basin.
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presented in Filgure Z.I. Mozt @f the rainfall olouwrs during tho

wummer months. Tropical otorms and conveotive thundeystorme are

the main reason for the higher precipitation rates in the summer

mont hs.

RUSKIN AVERAGE MONTHLY RAINFALL (1976 - 1988)
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Figure 2.2, Distribution of the monthly average annual rainfall for the
Ruskin station (1976-1989).

o Another important aspect of the climate that effects runoff

is evapotranspiration. Evapotranspiration is the process whereby

incoming enevgy from. solar radiation transformes water fyrom a

Tiguid to a gasecus state. The processes involve divect

evaporation of water from moiset swrfaces and transpivation duwring

plant vezspiratory processes.  There are two tvpes of

G



safalern mands 'yt

RN ER

!
evaprtyanspirvration (FTY estimates: potential and actual.,

Potentiael 07 iz the mawioum BT ewpected under prevalling climatic
conditions assuming non-limited water availability. One of the
most accurate methods for estimating potential Ef iz the Fenman
method.  The method considers cloud covaf, temperatuire, vapor
pressure deficits and incoming solar radiatiom.  For the Tampa
area, the 50 percent probable potential ET is S04 inches
{Smajstrla, 1984), which is close to the average annual
precipitatiqn for the area.

Actual ET, on the other hand, is the amcunt of water
transformed based upon prevailing climatic conditions and the
amount of available moisture. Actual ET is very difficult to
estimate because of its dependency on numercous factors. ‘Such
factors include land cover, distribution of rainfall, surface
water storage, and soil percolation. Since the basin emhibits
very little ground water recharge or discharge into the aguifer
system (Aucott, 1988>, the actual ET rate can be approximated by

rainfall minus runaff. If the average annual rainfall is taken

=

as 90.9 lnoches/year and the average annual runcff depth at 15.6
inches/year, the actual ET estimate is 24.7 inches/vear. This
estimate 12 probably low hecause of the irvigation runoff within

the basin. The UBES has estimated actual ET in the region at 27

inches/vyesar.
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GENTEAL PLUNOCE CHARATTERISTICS !
A oone-hundred forty-nine sguere mile area of the Little

Manatee River watershed has been monitored for runcff at a USGEE

gaging station since 133%,  This USGES stream gaging station

CHOZZOOS00) i located on the Hwy. 301 bridge near Wimauwma 13

miles upstream from the rviver's mouth. Daily records for this

gite are avéiLable for a pericd of about SO years which provide a
good statistical base for establishing characteristic flow
pétterns for the watershed.

Average monthly discharges for the period of record
available for the Wimauma station are presented on Figure 2.3.
July through September represent the highest runoff months with
average discharges between 300 and 400 cubic feet per second
tefs).

WIMUAMA AVERAGE MON "y FLOW (1839 - 1988) .

P OCT NOV DEC

m

o 77
e 7 g/
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HONTW

Figure 2.3. Average monthly flows for Wimauma station (1939-1989).
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The vemaining monthes Df‘thﬁ vear avervaged 150 ofe or lesz.,
Fromounced low Tlow periods wsually ocouy in the late spring
(May2 or the late fall and early winter (November and December .
The average diﬁchargerfor the 149 sguare mile area is 171 cofs.
In terms of depth of water over the contributing watershed, this
flow represents 15,6 inches of runoff per year. Along with the
Ala%ia basin, the Little Manatee basin has the largest runoff
depth of any basin located within west-central Florida (15 tao 20
inches/year) (USGES, 19B1).

A veview of historical flow records for the Wimauma site
reveals extreme seasonal and yearly variations in discharge. The
Jlargest instantanecus flow of record is about 14,000 cofs which
coccurved in June 1380, The lowest flow Df record is about €.8
cfs which ococwrred in December 1976. Table Z.1 represents a
duration analysis of discharges at the Wimauma monitoring
station. Between the 3% and & percent exceedance probabilities
flows varied between 10.0 and 708 cfs, with a median of 54 cfs.
This median flow is less than the average flow for this station
by move than a factor of three, indicating that tHE average
statistic is heavily influenced by brief.parimde of high runaff.

Based on a review of historical runoff events and the
duration analysi=z, it appearg that the runoff hydrographs are

very peaked or ephemeral. This type of runcff pattern indicates

v

the absence of zigrnificant surface water stovags areas that can

moder dizcharges by attenuating flows. For cample, bThe

Withlascoochese River syvstem drainz an aorea than Z000

Poy
Fony



Table Z.1. Wimauna Flaw Duraticn Table.
b "~ |
Wimawima Flow Duration Tabile

Exreedance: ) Fureedance
Frobability F 1 Frobability Flow

HELO 10,9 45,0 &7.0
G0, 0 15. 6 G, O ' 7.3
Q3.0 20,0 25,0 29.3
g0.0 2386 30.0 10,7
75.C 27.2 28.0 140,32
70,0 al.9 20.0 1BS. &
£5.0 36.6& 15.0 57,2
0.0 G20 10.0 200, €
93,0 47.4 5.0 . » 708.3
S0.0 SoL O '

S
square miles; however, the highest recorded diascharge near the
mouth of that basin has been less than 10,000 cfs. This is
because.the associated lakes, sloughs, and swamps in the
Withlacoochee basin provide significant attenuation of peak
flows. This is in contrast to the Little Mamatee FEiver at the
Wimauma US55 gaging station which has a drainage area of 143
square miles but a recorded peak discharge of 14,000 ofs,

During the ztudy period geveral days of significant rainfall
czzurred over the basin yielding a peak discharge of 9700 cfs.
This represents a discharge event with a probability of
coourrences between ome—-in-10 to 25 years. As previously
indicated, the largest instantaneous flow of record for the
Wimauma staticon was 14,000 «fs. This represents a dischargs

zvent with a vetuwn frequency of cne-in S0 years. Table 2.4

m

rapreszents e ed High discharges for vardiows return intervals.
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Table Z.Z. flood Flow Keturn Frequencies (D&M, 1373

Feturn Interval VYears Flow @ Wimauma
100 18, 550
=0 14, OO
=29 11, 560
10 7,350
2.33 : 3, 300

Fesults of low flow frequency analysis for the Little Manatee
Fiver near Wimauma are presented in Table Z.3. This table shaws
that ?he river has prolonged periods of low flows. For instance,
& thirt&-day periﬁd of average flow less than 12 cfs has a return
freguency of every two years. The lowest daily flow of record
(0.8 cfs) has a return interval greater than one-in 20 years.
Florida Fower and Light (FRPULY hag a large pumping station on the
Little Manatee Fiver that is used for make up water fov their
power generating facility which went into operation in 1376, It
is ewpected that this withdrawal will have little impact on

extreme low flows because of withdrawal limitations by agreement.

Table Z.3. Low-Flow Frequency Wimauma
Consecutive Feturn Freguency in Years
Day = o 10 20
1 7.3 g1 2.7 1.2
o 2.2 S 3.0 2ol
7 9.1 4,8 3.2 2.3
It 10 .7 4.1 2.1
3a 12 7 5.8 4.7
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Trie next laongest term gaging station (HOZZOOLIOO0) within the
bazin ig the Little Manatee Fiver near Fort Lonesoms. The
station monitors diécharge from a 21.4 square mile basin located
in the nocrtheast Sectimn of the Little Manatee watershed which 1s
within the 149 sguere mile area mmnitored by the Wimauma station.
The monitoring station is located near the Hwy. €74 bridae 3
miles upsireém from tﬁe Little Manatee FKiver mouth. Thé station
was installed in 13683 and has been continually operated since
that time, providing about 25 years of daily discharge data.

‘A review of the historical flow records veveal the same
extreme variations in flow as noted at the Wimauma station.  The
largest instantaneous flow of record is 3100 cfs which ooccurred
in September 1379, The minimum flow is zero and it occcurs guite
often. Average monthly discharges for the period of record at
Fort Lonesome are presented on Figure Z.4. July through
September represent the highest runoff months with average
discharges between 50 and BO cfs. The femaining months of the
year average from 30 to slightly below 10 cfs.  Similar to the
Wimauma station, the lowest average monthly flows are obhserved in
the late spring and late fall. The averzage discharge for the
basin is 29.6 cfs. In terms of depth of water over the
contributing bazin, this flow represente 1Z2.80 inches of runcff
per vear. This ise significantly less than the Himauma runoff
depth by about 20 percent. This difference in yuncoif depth would

indicate that the hydvologic conditions within the bazing are
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FORT LONESOME AVERAGE MONTHLY FLOW ( 1963 - 1888)
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Figure 2.4 Average monthly flow for Fort Lonesome station (1963-1989).
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GEQGRAFHIC INFORMATION SYSTEMS DEVEL OFMENT

The development of a GIS database i complex, dynamic and
requires data acquisition from many sources. Since the future
analyses to be conducted with the GI8 will be quantitative, it is
imperative that cart@graphic integrity be maintéined. This
constraint has inhibited data entry, but results of maintaining
-this approach will have long-term benefits.

Figure 2.5 depicts some of the layers of data being input to
the Marine Résources Geographic System (MRGIS). These layers
represent data identified as available in map form( or that can
be generated from areal photography or satellite imagery.

The base map (data layer to which all aother layers are
referenced) consists of an April 13988 5F0T satellite panchromatic
image gec—referenced to 7.5 minute U.S.5.S. quadrangles in a
Universal Transverse Mercator (UTM) projection.  The MREEIS data
layers are cgrrently in raster format, although we can accept
vector data or convert raster data to vector for various analyses
or for data distribution. |

Date Acguicsition and Buality Contral

Data Lavers. Numerous problems have been encountered

generating appropriate overlays. Some data sources, problems and
sxluticons are depicted in Table Z.4. Tt should be understood
that many of these databaées were not created with GIS entry in
mirnd and do not have the cartographic 1nt@grity of &

photogrammetrical ly devel oped map. Froblems have been compounded
. .
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base Map REMOTE SENSING
SPUT -
Panchromatic REMOTE SENSING
Image

Land Cover REMOTE SENSING
1950 -

1982 '

, Land Cover REMOTE SENS ING

et e

Land Cover REMOTE SENSING
1988

REMOTE SENSING
Soils

. REMOTE SENSING
Elevation

Flood Zones

Future Land REMOTE SENSING
Use 4
Drainage _. ‘

Transportation

Pubiic Lands

Jurisdictional
Boundaries

Tabular date
Water quality parameters
Fisheries data Hydrology
Fie. Netural Areas Inventory
Fermitied discharges
Hydroiogical parameters ficetera 4_J

Soils atiributes

Some of the data layers being ilmplemented cn the HRCIS
for the 1MR watersherd. Those layers dependent on remoie
sensing are noted. JTabular data to be linked to the datza
layers are also nozed,



Base MHap

1950,/1980
lLand cover

1988 lLand cover

e

Elevatio

Flood Maps

Fuiure land-
use plans

nurce Problems

Geo-referencing Ce
1:24,000 USGS Quads.

SPOT Pancromatic
satellite data

FOWR & USFUWS aerial
photography

30 meter.data

Statiscical analyses
difficult ac 10 meter
—spatial resolution

SPOT Multi-spectral
satellite iwmagery.

Soil Conservation Ser- Soils delineated on photo-

vice & Manatee County, based separates are not carto-

F1. . graphically accurate.

USGS Quads and Southwest 5 Et. contours frem USGS Quads

Fla. Water Managment Dis- are not adequate in a low re-

crict (SWFWHD) lief watershed. SWFWMD has un-
digivized 1 & 2 ft. contouxrs

Federal Emergency Manage- Cartographically inaccurate -
ment Agency and very general spatially’
Hillsborough and Manatee
Councies

Cartographically Inaccurate
and different classificarion
schemes

Aevial pliuiography Time cansuming interprecacion

Scurces, problems, and solutions for some of the data
layers being entered cn the MRGIS for the LUR.

Solutions

Careful selection of control points
to reduce spatial errors found on
USGS queds i

reszipled to 10 meter datla AN

e
[

i

Incorporace TH satellite dala in
bath ihe stztistical analyses phase
and interpretation phase. Use NHAP
color-IR serial plhiotography.

A\~

Ny

e P T

Soils scientist re-compile soils
mzps onto 1:24,008 USGS Quads. Scan
digicize, - i T

Accept resolution of USCS data or
digitize SWFWHD maps

Use 3 point triavpgulation to
digicize.

se 3 point triangulation. Cross-
reference classification system

Hone
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by the fact thist rectified SF0T data were more spatially resolved

than Natiomal Map Accwracy Standards for 1:24,000 maps, mahihg
gec—referencing difficult and creating overlay problems at commaon
borders (for example, shorelines defined by soils vs. land-use
vs, flood zones). Furthermove, many date are in scales smaller
than 1:24, 000, compounding overlay difficulties. This does not
present a prDbleﬁ if the limitations of the analyses are
understood. For example, the future land-use data, if originally
developed by the county at a 1: 100,000 scale, -—annot be applied
to individual zoning issues at a parcel level, but could be used
to project 1and—use changes over larger portions of the
watershed.

Complete vatershed coverage has been built for flood zones,
future land use, and general land cover for 1988. The estuarine
portion of the watershed has land cover for 1250 and 13BZ
completed.  The status and specific problems with several
remaining data layesrs are as follows:

1. Soile: Soils data have been compiled by the Soil
Congervation Service, and scan digitized for the LMR portion of
Hillsborough County, Thoze data are in the MREIS and being
-currected and quality checked. Data are currvently grouped by
U.8.35.50 guad., Joining the quads (edoge matchingl ta provide a
continuous watershed coverage has proven difficult due to the
complexity of soils polyogors.  3oile cuads for the Manatees county
portion of the waterzhed have been Joined to form a continuous

COVET A0S, Based on preliminary observations, 1t appears that
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meroing le data from Manatee and Hillebhorough Counties will be

challengirg .

e Elévatimn: The Southwest Florida Water Management
District is providing this data layer. UWe are currvently
developing methods and formats for data transfer.

3. Drainage: This data layer is the most tediocus effort
for compilation, National Higﬁ Altitude Frogram (NHAF) photos
(1:50,000 scale) have been enlarged. to 1:24,000 scale and
detailed drainage line work is being interpreted. This type of
interpretation has not been done for many areas in the U.S.,
particularly at the resolution being attempted for this program.
For example, individual drainage ditcﬁes within agricultural
fields are being identified, along with their connection to
tributaries of the watershed. This will allow better anélysis o f

scurces of waterborne constituents and will alleow metwork

analyse

"

4. Land cover/Land use: A land cover layer has -been
developed for the entire waterzhed by the Florida Same and
Freshwater Fish Commission in cooperation with the Florida Marine
Ee;eérch Institute (FREMIY. These data are for 1387 (from Landsat
Thematic Mapper) and praovide a firvret look at land cover from a
habitat and rgnoff potential. A 12388 SFPOT imaoge iz being used to

‘EﬁmplEtQ a detailed land uwse coverage. The land use data are
being compiled at 5 0.1 hectare resolutiaon.

< Hatershed and Subbasins:  This data layer has been

digitized {from maps proavided from the SWHFWUHMD. The boundaries ars

W)



. . ! . . .
inaccurate in some areas bécause the hasing wers originally
delineated in the 1370's.  Substantial changes have occurved in

the drainage characteristice of the watershed since then.

Tabwlar attribute data. Tabular data, such as =soils

definitions, bald eagle nesting locations, station locations and
all asscciated water quality or fish distribution data, permitted
effluent charges, and other digital data that represent a
singular gecgraphic location are also reguirvred for analyses. The
biggest problem in working with these data are positiconal in

accuracies and data exchange formats.

Guality Control and Assessment. Data guality cantral and

assessment are extremely impaortant in the generation of the SIS
layers and their tabular attributes. The two components of
concerﬁ are cartographic integrity and data accuracy (is 1t where
it should be and is it being called the right thing®). When
accessing databases outside the confrm] of FMREI, these issues are
cften difficult to assess prior to data entry. When we have
control, such as in the soils digitization, we have taken extreme
measures to insure carﬁmgraphic integrity but can only accept the

508's ability to properly identify soils. In most cases accuracy

agsessment of the information has nor been completed by the
parent organization.  For data being developed at FEMI, such as

land use, statistical analyses of classification erraore ars being

condusteaed.

21
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Data analvess.,  Mumerous test arnalyszes have been conducted on

portions of the watercshed with many data layers. UOnly rezults of
analyses specific to water guality data will be presented. The

speci fic analyses addressed the issue of what land covers

comprise the drainage area (subwatersheds) of each seven water

guality stations. This type of information, in conjunction with
can be used to assess the

other data layer information,
Table 2.3

contribution of runoff to water quality findings.

summarizes the general coverage, in hectares, for each of the

water quality stations depicted in Figure Z.1. It should be

noted that subwatersheds are defined by U.8.5.8. Criteria.
The entire watershed comprises 57,36¢ hectares (224 square

Upland plant communities comprise 1374 of the watershed

milesd.
Wetland plant

and consist of pinelands to hardwond forests
communities constitute 3% of the watershed ranging from saltmarsh

comprise % of the watershed,

to hardwoomd swamp. Water bodies

not including the river and its tributaries.
Agricultuwre/pasturesbarren constitute 75% of the watershed.
This cateqory is very general, and includes uarban areas. Urban
areas represent & zmall portion of this percentage, and will be
I Table 2.9 this

wall defined in the detailed land use layer.

category 1z representative for subwatersheds except at &T7 which

i the urbanized zuncity center area.
Within sach of the subwatersheds, the dominant land cover is
0% at BTE and a low of

a high of 907 at o

agviculture/ pasture barven with



percentage of pasture.

barren,

representing wban

At ST

the ie dominated b

COvVEeY ace

land use.

Uétland

},.,

T, Mozt of the adess are in agricdture with & small

Upland Agriculture
Plant Plant Pasture
Station Commuriitles Communities Mater Barren Total
STl 624 718 208 6,577 8,127
ST2 151 - 61 1 1,848 2,081
ST3 4,281 1,527 226 17,169 23,203
ST4 2,531 1,060 47 6,249 9,887
STS 77 79 26 862 1,004
ST6 6,515 3,115 1,684 27,989 39,303
577 127 341, 42 1,636 2,146
{urban)
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III. WATER RESOURICES
Local water resources i1in the Little Manatee Fiver basin are
used extensively for agriculture and other consumptilive purposes.

A brief summary of factors pertaining to water resource

utilization in the basin is presented below.

HYDROGEOLDEY

Most of the Little Manatee Fiver watershed is overlain with
a deposit of undifferentiated sands that vary in thickness fraom
less than 29 feet along the -swast to greater than S0 feet in the
eastérn porticns. The Bone Valley Formation, which is comprised
of a mi:z:turei v:-.f phosphatically enriched clays, limestone and
sands, underlies these sands in certain areas. The
undi fferentiated sands also overlay the Hawthorﬁ Formation which
varies in thickness from less than 200 feet to more than 35
feet. Eelow the Hawthorn Formation are the water bearing
limestone formations of the Floridan aguifer system. Vertical
movement of water through the Hawtharn-Formation to the Floridan
aguifer, termed recharge, is slow. The estimated recharge for
the area iz 0-1 inches/year (Aucobtt, USES 1388).

Due to impeded ve?tical movement of water in the Little

Manatee watershed, the area has characteristic high water tableg

and runcff potentials. Agriculturalists in the area have
maximized the wtilization of the high water table condition fov
some of Ltheir farming opereticons. For esxample, vegetables are
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itrvigated by managing the warer table within ol prrowimity of

the voot mome.  Sodl capillarity will then pull the water into

the voot zone of the crop providing a stabilized envivonment.
Large quantities of groundwater are required to raise and

maintain the water table due to irrvigation inefficiencies.

WATEFR USE FERMITS

The Southwest Florida Water Management District (SWFWMD)
permits water use within a 1& county area which includes the
Little ﬁanatee Fiver watershed. Most of the water used within
the watershed is withdrawn from the Floridaﬁ aquifer. Figure 3.1
indicates the location of 200-plus production centers that each
withdraw 100,000 gallons per day ar more.  Most of the water
withdrawn is used for irrigation. As demonstrated by the density
of sguares, most of the withdrawals are concentrated in the

northeastern and north—central poortions of the watershed.



Figure 3.1,

Locacion of waber use permits in the Lityle Manatee River baslwe,



FLORIDS FOWER aND LIGHT NIﬂﬁDRAHALS

Lake Parrish is a man—made, off-stream reservoir adjacent to

the Little Manatee River in Manatee County that was constructed

by FFEL in 1375, The reservair is located in the south-central

porticon of the basin and ococcupies about 34,000 acres.  The storage

capacity of the reservoir is 48,000 acre—feet or 15.7 billiaon

gallions. The reservoir is used as a cooling source for the FRLL

electric power genervating facility. A diversion channel

transporte water from the Little Manatee river to pumps that

discharge into the reservoir. A Bouthwest Florida Water
Management agreement allows up to a 47 percent diversion of river

flows that are above 40 cfs ewcept during the months of August

and September. During August and September, flows above 112 and

<7 cfs may be diverted, respectively.
Make-up water is reguired {to counteract losses from the

reservoir from groundwater seepage and evaporation as the result

aof heat addition from the power plant and sun. The average

pumpage rate into the reservoir since construction has been 11,35

cfs or 7.4 million gallons per day. FPumping &t this rate for a

year yields 17.2% of the total volumetrisc capacity of the

reserviolr. The largest withdrawal amount for any year has been

4,968 millions gallons during 1387, which represents ZB.5%Z of the

total reservoly capacity.  Durinmg the 13988 study period, 2,407
million gallons of water were pumped to the rveservoir.

D oocfs represents &.3 percent

of the averags flow at Wimauma duvicng the period of operatian.

i
N
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Mﬁnthly values of pumping to thé reservolr and streamflow at the
Wimauma station are plotted for the period January 1379 to
October 1989 in Figure 3.Z.a. Diversion rates during this period
are summarized by month in Table 2.1. Actual diversion

quantities are greatest in July and August while percentage flow
reductions are greatest in January and May through July.
Table 3.1. Average pumpage from the Little Manatee Fiver

tzfs) and the percentage of flow at the LMR near
Wimauma gaging station, 1379 to 1983,

- . Month
J F M A ™ J Jy A s 0 N D
Fumpage (cfs)
10.9 8.2 13.1 5.0 11.2 11.1 ZZ.9 22.2 12.9 4.7 4.8 9.1
Fer cent of Flow
i0.2 6.8 9.2
J F M A

I
M
ul

9.5 9.0 14,7 7.7 5.7 9.3 oO.1 8.4
M J Jy A S

Daily pumpage to‘the reservoir and daily flow rates at the
Wimauma gaging station are shown for the study year in Figure
T2.2.b. Fumpage from the river was very small from January
throuéh June 1288. Then, significant guantities were pumped from
the river from July to =arly Ssptember. FPumpage ceased from mid-
September through Dctober, but resumed for a per;od of freqguent
pumping from November 13288 through January 1383,

Since operation, FP&L's withdrawals from the river have been

haracterized by intermititent withdrawals with & high dearee of
short—term variation in quantities. Fior imnstance, dwring a Z8-

day pericd from December 12, 1988 to Januwary 8, 1327, pumpage

o]
m

L
[
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Figure 3.2. Daily (® and monthly (&) pumpage of water from the Little
Manatee River and corresponding flows at the IMR near Wimauma
gaging station.
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ed D200 ofs or about 48 percent of the avera

EVET AL

meér Wimaunma ¥ar that gsame peviod. By contrast, durinq the
previocus twenly-six day period when average daily flows in the
fiver WeY e more than.twice as high, pumpage averaged only 10.3
cfs or 9 percent of average flow. It is not known why theee
differences in pumping rates were done by the Utility over this
short~term period.. One objective of the Little Manatee River
Froject is to recommend a withdrawal schedule based on
probability analysis that meets the Utility's need for make-up

water while better interacting with the inflow needs of the

downstream riverine and estuarine ecosystems.



IV. HYDROLOGIC CDNDITIDNS{DUEING THE STUDY

DATA COLLECTION NETWORE

The callection of hydrologic data is essential for
understanding the relationships of land use to runoff and water
guality in the Little Manatee River basin. For this project,
existing USIES stream gaging stations and District rainfall sites
were utilized in addition to new data collection sites
established for the study. Figure 4.1 is a map showing the
location of streamflow gaging and rainfall data collection sites
used during study year (January 1988 to January 138331, A
continuous water level was also installed at the mouth of the
river to record tide stagé fluctuations.

The most downstream stream gaging station on the main stem
of the LLittle Manatee Fiver (LMR) is LLME near Wimauma (staticn F,
Figure 4.10. The USGEE has collected continuous streamflow data
at this station since 1932%, giving 30 yearse of daily record. Twao
other gaging sites in the basin, LMRE near Fort Lonesome and
Cypvess Creel, are part of the regular US55 stream gaging
rnetwork. The Fort Lonesome gage, with a corvesponding drainage
area of 31.4 sguare miles, measwes flow from the upper-most
reaches of the Little Manates River bhaszin. Data collection at
this zite began in 13832, giving Z& years of record.  The Cypress

Creek station, with a drainage area of 8.1 square miles, mEasures

=1



Little Manatee River
'Drainage Basin

Flgure 4.1.

e USGS Streamflow gaging sites

'X Rainfall stations

Location of stream gaging and rainfall data collection sites in the Little
basin during the study year (January 1988 to January 1989).

Manatee River



Figure 4.1. (Key)

Stream gaging sites

Dug Creek

Cypress Creek
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the residentral

flow from the small sub-hasin Ythat includes

—

development of Sun ity Center.

Threz new streamflow sites, LMRE South Fork, Dug Creek and
Carlton Branch, were egtﬁhliahed for the duration of the project.
Continuous streamflow at all sites was mmﬂitove& by personnel of
the US5E8 Tampa office.  These sites were established to examine

srainfall-runoff relaticnships in discrete sub-basins of the:
Little Manatee Fiver basin. Data collection at these three sites
began in =ither December 1387 or January 1388, and conc;uded
after the last water guality sampling trip on January 24, 1383.
THe South Fork station, with & drainage area of 38.4 sguare
miles, measured virtually all flow from the South Fo%k af the
river. Carlton Branch, with a drainage area of 7.3 miles,
measured flow from a small sub-basin dominated by agriculture.
The Dug Creek site, with a drainage area of 3.6 square miles,
measured flow from a very small basin with mixed land use.

The rainfall data collectiaon network for the study included
five staticons in the sxisting District metwork (Figure 4.10.
Feriods of record'for these stations range from eight years
(Wimauma -~ 13981) to thirty-four years (Fort Green — 13552, An

additional =t

o
83}
o+
e
[n
0

at the FFLL power plant was established to
measure rainfall in the gmdthwesterm portion of the drainage
bazin. Daily rainfall records were available from all the
stations during the study year. &t two of fhege stations
CHimauma and FRELY, recording rain gages make the ewamination of

hourly vainfall data for the study yesar possible.
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Monthly and tobtal veerly rainfall amounts for the siw
stations in the project area are listed in Table 4.1. Total
yearly rainfall for these staticons averaged SZ.6 inches, which is
near normal for the region. The yearly total of 46.86 inches for
the FFRRL station in the southwestern area was somewhat lower than
totals for the other five staticons which ranged from S1.2 to 5605
inches.

Seasonal rainfall distributicon . in the basin during the study
periad found the spring dry season and the summer rainy season to
both be somewhat exaggerated. A comparison of the bar chart of
average monthly flows for Ruskin (Figure Z.2) and the monthly
values presented in Table 4.1 shows that rainfall was near normal
at most of the stations from January through April, with a sharp
drop in rainfall occurrving in late Mareh at the beginning of the
dry season. This transition can be seen in greater detail in
Figure 4.2, where daily rainfall amounts during the study year
are shown far three =f the stations tRuskin, Fort Lonesome,
fF&L). Fainfall from mid-March to early June waé particularly
Iou, Wwith only & or 2 rainfall events of over 0.2 inches
crourring in the basin.  When the summer rains began in June they
were2 well below normal for the remainder of that month at fouwr of
the six rainfall stations. As & vesult, from late March through
June the basin experienced a pronounced dry season during which

rainfall waz below normal.
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Table 4.1. Monthly and totai yearly rainfall f(inches) at
stations shown in Figure 4.1 during January 1388
to January 1989. Listed yearly totals are for
1988 only.

Rainfall (Inches)
Ft. Four Ft.’

Date FRaL Green  CDoarners  Lonesome Buskin  Wimawma Average

1/88 2. Z.0 2.6 =.7 P 2.6 2.7

=/88 2.3 2.9 2.3 2.3 2.5 2.0 2.2

3/88 2.8 6.2 S.4 2.6 5.1 4.4 4.8

4 /B8 IO 1.7 0.4 1.7 .1 1.5 1.6

5/88 0.3 1.0 1.2 0.8 1.6& 2.0 1.3

€/B88 1.8 1.8 5.5 4.8 Z.8 1.9 z.1

7/88 2.7 10.4 &.7 10.3 &.7 S.3 7.4

8/68 3.8 15.2 10.5 5.2 3.8 9. € 10.0

5/88 13.6 10.3 9. 4 13.6 713.z2 15.8 1z.7

10/88 1.0 0.8 0.8 1.4 0.5 1.5 1.0

11/88 2.5 2.3 2.0 .1 5.3 2.5 4.4

12788 1.1 1.2 0.6 0.7 0.9 0.3 0.9

1/89 2.3 2.7 2.5 2. 2.1 1.€ 2.5

1988

TOTAL 46, & 6.5 51.2 .Y HELT 51.5 DELES

|83

i
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Figure 4.2, Daily rainfall at three stations in or near the Little H@atee
River basin from December 1987 through January 1989.
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Inocontrast to the pradlonged dry gseason, rainfall was
abundant in the late summer. Fainfall totals were mnesr normal
for July and abave normal for August and September.  0Of )
particular significance were a three—inch rainfall that occcwred
in early Auguset and a four—dqy rainfall event in early Sep?ember
when a stalled frontal system dumped over ten inches of rain in
the basin. FRainfall was greatly reduced in late September,
however, and DOctober received below normal amounts. The passage
of two frontal systems in November resulted in a basin average of

4.4 inches for that month. During December and early January
rainfall was again low, but ancother winter front in late January
caused two days of rain at the end of the study period.

In sum, total rainfall during the study year was near normal
but showed extreme fluctuations in short-term and seasonal
guantities, which is not unusual fdr vest—central Florida., With
regard to the water quality aspect of the project, this pattern
was fortuitous for it allowed monitoring of the basin under a

wide vrange of hydrologic conditions.

STREAMFLOH )

SEtreamflow measured at the six stream gaging sites shown in
Figure 4.1 closely followed the seasonal rainfall pattern
described above. Average monthly flows and average flows for the
ztudy period for the six streamflow sites are listed in Table
.2, while hydrographs of daily flows for thesze same stations

arz shown in Figure 4.3,



Table’4.2.

=/88

/88

4/8¢

5/88

&£/88

7/83

8/88

Average monthly and study period streamflow (cfs)
at stream gaging sites shown in Figure 4.1 durlnu
January 1988 to January 1989.

LM South L.ME Carlton Cypress Dugy
Wimauma Fork Ft. Lonesome BEranch Creek Creel:
11z.9 27.6 18.1 8.6 8.7 3.7
140, 3.2 23.8 3.7 10.3 2.2
203.3 &4, 3 47.8 16.32 19.5 5.3
1.3 13, ¢ 11.4 oE.3 1.4 .1
S50.%2 12.6 3.6 £.2 2.7 1.7
25. 4 9.5 2.2 3.5 1.0 0.5
E3. 40.32 4E.0 3.3 .z 1.0
I7e.2 125.7 103.6 Z0.6 1.1 7.8

/88  1120.1 225,93 54,9 S3. 4 8. 4 3.3
10/88 125,94 T4.3 12,9 12.8 2.0 2.6
11/88 ° 133.4 40. 3 5. 25 0.4 15. = 7.1
12/88 55,0 T2, ZE 10,1 11.5 2.3 2.2
1/89 10z, 4 2€.8 Z1.Z 17.1 7.0 4.3
ave.  209.7 ¢ el.s e e,z 5.9 3 (5.5 5.6
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Figure 4.3. Hydrographs of daily streamflow at the stream gaging sites shown
in Figure 4.1 for the period January 1988 to January 1989.
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A comparison of average flows for the study period gives a

arouping of thg stations that corrvesponds to their vanking based
on drainage basin sizes., The Wimauma site had by far the highest
average flow at 20%9.7 cfz, which is approximately 22 percent
‘greater than the long—-term average for this Site; The South Fork
and fort Lonesome sites, with average flows of 61.4 and 46.2 ofs,
comprise & middle group with intermediate drainage basin sizes
(38.4 and 21.4 square miles, respectively’d. The average study
pericd flow for the Fort Lﬁn@gome zite was 6 percent greater
than the long-term average flow for this site, which is based on
28 years of record. This period of vecaord, however, has been
characterized by a trend in below average rainfall.

Average -study period flows for Carlton Branch and Cypress
Creek were nearly eqgual (15.5 and 15.9 cfs, respectively)
reflecting their nearly egual drainage basin sizes (7.9 and 8.1
‘square miles). The small 3.6 stuare mile basin corresponding to
the Dug Creek gage vielded the smallest average flow (3.6 cfs)
for the study period.

A ﬁompariaon of the hydrographs of daily streamflow values
(Figures 4.3) with the plat of daily rainfall amounts (Figure
4.2 indicates close correlation between these two variables.
Fainfall events in January, February, and March resulted in
moderate flows for all the streamflow sites. Declining flows
from april through June cccurred with small peaks in flow
ohserved after brief vainfall events. Fainfall Qaz somewhat

variable in the bazin during July (Table 4.1 with amounts over

o



ten inches falling in the é@%t@rn nart of the basin. Fronounced
increases in streamflow were observed in July at all stationg
evrept Dug and Cypress Creeks in the north-central part of the
basin where rainfall was lower. .All staticons exhibited high
flows in early August and particularly in early September, when
maximum flows were chserved for all staticns. The peak flow of
97BQ zfs at the Wimauma station was over S0 times greater than
the average flow for this site and cor}esponded to a 10- to 25~
year flood Even#. Although some homes and other structures were
inundated during this September flood, economic damages in the
basin were minor due to the undeveloped character of the river
corvidor. For the remainder of éhe study pericd, flowé at all
;éites returned to low to moderate levels yith brief peaks
cccurring during November and January in response to rainfall
associated with the passage of cold fronts.

One interesting phenomenon that was cobserved during the
study was a clear difference in base-flow levels between the sub-
basins. For instance, the Fort Lonesome gage measures flow from
an area almost four times greater than the Carlton Bramch site.
During wet’mﬁnths, average monthly flows at Fort Lonesome were
_;ignifi:antly areater than at the Carlton Branch site. For the
dry months (April, May, June, Qctober, and December), however,
average Tlows at Fortg Léheaome and Carlton Branch were nearly
equél. Theze results and the water chemistry data presented in

Chapter YV oindicate that dry season flows in CDarlton Branch are

a5
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heavily supplemented by runaff from farmz which originate asg

pumpage from groundwater sources.

TIDES

‘water levels in the lower fifteen miles of the Little .
Manatee Fiver are affected by tidal fluctuations in Tampa BRay.
Af the most upstream extent, this effect is very small and
restricted to periods of extremely high tides in the bay. Water
levels at the mouth of the river are largely controlled by tidal
fluctuations in the bay, but periodically can be significantly

affected by high river flows.

e ——— —

The recording of tide stage during the study iérQe;yw
important for interpreting the estuarine water chemistry and
salinity results. Therefore, a wéter level recorder was
installed at the mouth of the river at Shell Paint and operated
by the USG5 for the duration of the study. This‘instrument
recprded water level measurements every 15 miﬁutes with retrieval
of these measurements plus daily mean, minimum, and maximum
values poszible.

Tides at the mouth of the Little Manatee River contain a
mivture of diurmnal and semi-diurnal componente.  On most days,
there are two high and two low tides. The high tides are of
unegqual height consisting of a high-high and a low-high tide.

Low tides are similarly of unegual heights. During some pericds

of the vear, depending on astroncmical forces, there 1s only ane
Rhigh and one low tide dally at the mouth of the river. Hater

HE



levelsz and tidal fluctuaticﬂa in the lower Little Manatee Fiver
can alzo be affected by the action of prevalling winds on the
waters of Tampa Hay.

Based on data collected between January 19388 and January
1983, the average daily tidal range at the mouth of the Little
Manatee Fiver was Z.47 feet. Average monthly values for daily
mean tide, daily maximum, daily minimum, plus the absolute
maximum and minimum tides for each month are illustrated in
Figure <.4. Monthly mean water levels were highest in the fall
(September through November), but the September value was
affected by the extremely high river stages during the flood in
the early part of that month. The differences between monthly
values for- average daily maximum tide and average daily minimum
tide range only from 2.238 to Z.60 feet, demonstrating the small

seasonal fluctuations in daily tidal ranges at this station.
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Figure 4.4. Average monthly values for daily mean tide, daily minimum and

maximm tide plus monthly maximm and minimm tide at the mouth
of the Little Manatee River from January 1988 to January 1989.
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V.  FRESH WATER CHEMISTRY
b,

OBEJECTIVES

The water chemistry program had three objectives:

1) to determine the flux of nuirients and suspended scolids

contributed by each of the sub-basins of the Little
Manatee Watershed,

2 to determine seasonal variations in concentrations of

these substances in each sub-basin,

31 to evaluate the movement of these materials through the

Little Manatee estuary.

The first two objectives required an examination of water

quality in the freshwater streams of the basin. Water guality

data will be compared to land use and soils in the respective
sub-bacsins to

document the effects of various land uses on water
guality. The third objective is addressed in the following

chaptey on Ezstuarine Water Chemiztry.

SAMFLING AND ANALYTICAL METHODS
This report on stream water guality is based primarily on

tlata collected between January 1388 and January 1389,
study

During the
year, water chemistry and physical paramesterce were mEasured
at seven freshwater staticons in the Little Manatee hasin (Figure
Dald, Six of these stations were larated
Eit@?

at UGEE
=, while the

L. e Re]

stream gagilng
seventh station was located at a site on the



Little Manatee River Freshwater
Station Locations

‘e Bi-weekly sampling stations

®s May and September sampling stations

\




Figure 5.1. (Key)

z
i
1. Bi-weekly sampling stations and continuous USGS streamflow gaging sites

A Dug Creek

B Cypress Creek

o IMR (North Fork)
D. South Fork

E Carlton Branch

F IMR near Wimauma
G

IMR near Ft. Lonesone

- 2. May 17, and September 21, 1988 dissolved constituenté sampling

1.- Dug Creek at Saffold Road
2. South Fork at Bunker Hill Road
3. Alderman Creek at S.R. 39
4, Alderman Creek at Taylor-Gill Road
5. Howard Prairie Branch at Grange Hall Road
6. Pierce Branch at Owens Rcad
7. Pierce Branch at C.R. 674
8. IMR Grange Hall Road
9. Carlton Branch at Sweet Loop Road
10. Carlton Branch at Colden Loop Road
, 11. Unnamed Creek near U.S. 301
12. Unnamed Creek near railroad bridge
13. 1IMR near FP&L intake
14, Unnamed Creek near C.R. 579
15. Gully Branch
16. IMR main channel above Gully Branéh
17. Carlton Branch at confluence with-IMR



vivey (U0 Novtl Fork) where streamflow can be sstimated by
station differences. Sampling at these stations was done
appraximately every two weeks, so I6 regular samples were
collected during the study year. At each stream sampling
station, duplicate water samples wereée taken at .5 m depth or at
mid—depth.if total depth was less than one meter. Filtration for
separation of particulate (C, N, P} and dissclved nutrients (PD4,'
NOw % NO., Organic Carbon) was done in the field with filters and
filtrates kept in iced coolers for transport. waﬁev samples for
chlorophyli analysis vere kept chilled and transported to the
Department of Natural Resources Laborateory in 8t. FPetersburg
"where filtration for pigment removal was done the same afternocan.
Samples (filters) for particulate phosphorus determinations were
periodiéally shipped to Savannah lLaboratories and Envivonmental
Services, Inc. (SLXEE) in Savannah, Eeorgia where digestioﬁ ancl

measurem=nt was done. Remalning water chemistry parameters were

determined at the District Laboratory in Brooksville. Farameters
measured and the analytical methods employed are listed in Table
5.1. #lso, at each sampling station, in situ measurements of
temperature, dissolved awygen, pH, and gpecific conductance were
made with a Hydrolab meter at .3 m or mid-depth, depending on
water depth.

At the same stations as the bi-weekly sampling, major ion
zpecies (0, Mg, H, Na, F1, C1, and HOG 77 were messured on
guplicate zsamples on a momﬁhly bazis for a totél of twelwve

regular sampling events. In addition o rvegular bi-weekly and



Table S.1.

Water qualiti parameters measured and analytical
methods for freshwater and estuarine sampling
stations during January 1988 to January 1989.

Farameter Units Method Feference
Temperature o Hydr ol ahb Hydrolabh Instruments
Specific umbios /om Hydrolab Hydrolab Instruments
Conductance
pH (field? pH units Hydr ol ab Hydrolab Instruments
Dissol ved mg/l Hydr ol ab Hydrolabh Instruments
Oxyoen
Turbidity NTL Mephelometric AFHA, 1385
Color - FCU Nessler tubes AFHA, 1985
Ttal Suspended mg/1 filtration/gravimetric AFHA, 198
Solids
T88-vxlatile mg/1 gravimetric/ignition AFHA, 13B%S
fraction
Farticulate mg/1 C=H=N analyzer Ferkin—Elmer
carbaon Instruments
Farticulate mg/1 C—-H-N analyzer Ferkin—-Elmer
nitrogen Instruments
Farticulate mo /sl acid digestion/ EFA, 1279;
phosphor ous ‘colorimetric AFHa, 1325
NH o mg /1 colorimetric AFHA, 1989
MO MO 2 me /1 colorimetric ‘ AFHA, 1285
FO o ma /1 Ccolerimetric AFHA, 1985
Silica mg /1 colorimetric AFHA, 1985
52
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Tahble 5.1 Cont 1 nued

Farameter Units Methad Eeference -
Chlovrophyll a mg/m > Spectrmphﬂtoﬁetric AFHA, 1285
#Calcium mg/1 Atomic Absorption AFPHA, 1985
*Magnesium mg/1 Atomic Absorptioh AFHA, 13835
#FPotassium mg /1 Atomic Abscovption AFHA, 19BT
*Sodium ma/l Atomic Absorpticon AFHA, 1'989
*¥Gul fate mg/1 turbidimetric AFHA, lfgS
#*#Zhloride : ma/1l titration AFHA, 13985
*#Fluoricde mo /1 electrade aFHA, 1985
*Alkalinity mg/l‘ titration AFHA, 1385

% Fresh water staticns only
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momthly sampling, two additiwnal éampling tripe on May 17, 1388
and Septemher 21, 1988 weve performed when major ions, dissaolved
nutrients and physical parameters were measured at an additional
17 water guality stations (Figure S.1). Duplicate samples were
not collected during these two additional sampling events Qxﬁept

four duplicate analyses performed as voutine quality assurance.

OTHER DATA SOURCES

Dther surface water quality data for the Little Manatee
Fiver basin are available from the U. S. Geclogical Survey (USGES)
and the Hillsborough Environmental Frotection Commission CHEPCJ.
Mean values for several parameters measured by these two agenciesf
during 1986 to 1988 are listed in Table S5.2. Staticn locations
for these data are the same as three of the stations shown in

Figure G.1 and follow the same nomenclature.

[l =

P
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Table 5.2. Mean values for selected water chemistry parameters in
the Little Manatee Fiver BRacsin recorvded by the
Hillsborough County Environmental Protection Commission,

1986 and 1987.

Mean values recorded for Ft. Lonesome by

the USGS during 1986 to 1988 are also shown.

LME near LME LME near

Farameter Unite Wimauma (Noorth Fov k) Ft.,lLonesome

‘ (HEFD)  (USES)
Specific umbos/om 345 571 220 187
Conductance
pH pH units 7.5 7. 7.4 £.8
Turbidity NTU 8 7 3 ——
Color . PCU 58 &5 B2 58
Drganit nitngen ma/l .36 . I0 1.06 . 36
NH 5 Cas.N) mg/1 .16 - .10 ——
N o~NO -z tas N) mg/1 .57 - .13 .10
Total Phosphorus mg/l 15 S5 . &0 -S54
Chlorophyll a mg/m > -= 2.7 1.0 -
Calcium ma/1 26 =0 17 14
Sul fate mo/1 iEB = i 418

DAT& REEDUCTION

The data were firzt ex

amined

to ascertalin similarities and

di fferences in water gquality among stations and seasons.  All

statiztical analyees and presentations of bi-weekly data in this
report are based on the means of duplicate samples. Then, the
data were evaluated to determine the relative importance of
fluxes of materials (nutrients and solids) from ths major

sub-basins of the Little HManates River (Ft. Lonesoms, Carlton



Branch, South FProng, Dug Cr@ek, Cypress Ureel and Wimauwma: and tao
eluctidate processes influencing the transport of these materials

through the Little Manatee estuary.

Estimates of Annual Material Flux from Sub-Rasins

The sum of the discharges recorded at tﬁe Cypress Creek
CZYPRD and Wimauma (WIMA)Y gaging stations rvrepresent the
approximate total fresh water and material fluxes to the Little
Manatee estuary. Thus fhey, along with Tampa Bay, are the major

sources of materials, such as nutrients, supplied to the estuary.

For the purpose of evaluating the relative importance of
each sub-basin, the discharges and fluxes determined from data
collected at the LCypress Creek, Dug Creek, Carlton Branch, Ft.
Lonesome and South Frong gaging statieons are assumed to represent
the transports from their respective watersheds. The discharge
and flux determined from the data.collected at the Wimauma gaglng
station represents the influence of the intervening watershed
below the upper sub-basins (all except Cypress Creek) when the
sum of the fluxes and discharges from these are subtracted. This
part of the watershed is referred to as the Inner zub-basin (IR).

The flux or load of a chemical substance transported from
each sub-basin is simply the product of the chemifal
concentration and water discharge observed at the gaginog station.

Instarntanscus values of fluy are relativel y mimple to derive for
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1
i

chogaging station ceing measured substance concentrations and

instantaneonse or daily mean discharge at the time of smampling.
It 15, however, much more difficult to estimate, with a high
tegree of accuracy, fluxes over longer periods of time such as a
YeAar o omore since this requires long term records of
concentration (00 and discharge (0, sao that fluw-(F) can be

calculated by integration using the equatioh:
Fo= - O Cdt (1)

It would still be easy to calculate fluxes if concentrations of
substances were constant sver all variations in discharge. This,
hawever, is not the case since the conceﬁtratimns of virtually
allnsubstances, bnth_particulate angd sbluble, vary with
discharge. Nonetheless, several approaches have been_used to
calculéte fluves with limited data collected over vérious floQ
conditions of a watershed. Eeneraily thaAapptoaches used involve
either extrapolation or interpolatipn of the data. Both

approaches were used in this study and are discussed below.

Extrapolation methoad for estimating material fluw. These

w7

procedures attempt $o extrapolate the available database by

o |
developing rating relationships which link chemical

conceEntyations measwed at infreguent intervals to river

gdizcharge at the time of sampling. Fating vrelationships are

normally developed for sites with discharge monitoring facilities

S
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an that the rating function may be applied to & continuous flow
record thus allowing for extrapolation of chemical concentration
Cand flux) between periods of

sample co
functions

D

mollection. Simple power
of the form:

Concentration

= E\Cr

are used to relate the concentration of a substance and river
fl-:‘w, Q.

Such relationships bhave been voutinely documented by
many studies.

For example, suspended sediments generally show

increased concentration with discharge following a relationship
similar to that described in equation (20
number .

-~

with b being a positive
In the case

of total dissolved solids

a similar
relationship is abserved, but b is often negative (Figure 5.2).
Fating relationships or rating curves have been demonstrated for
many specific substances,

for both natwral and anthropogenically
disturbed fe.g., agricultural areas) watersheds (Nilsson, 1371;
Turvey, 1275; Walling and Webb, 1283;

Halling and Eane, 1284).
dlthough rating relationships for total dissolved solid
often exhibit decreazing

concentrations
discharge,

with increasing
specific disscolved substances such &z nutrients often
show 1ncreases with dizcharge (Walling and Webb, 1284; Webb and
Walling, 13850,
Fating curves are developed by obtaining concentration data
over seasonal variations in discharge for a given watershed.
Fitting concentration data to diachargﬁ ie usually acoomplished
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!,

oy least-aguares regression technigues.  This approach was
employved in this study wsing the individual bimonthly
concentrations of constituents and méan discharge for the station
on the day of sample collection using a log transformation of
equaticon (25.

Other authors (e.g., Jansson, 1985) have argued that other
methods of curve fitting are more appropriate, and in éome cases
(e.g., Hall, 1370; Davis and Zobrist, 1378; Foster, 13803, the
relationship between concentration and discharge will not be
described by a simple power function. Nonetheless, we felt that
the approach used in this study was more appropriate given the
limited data set for each station.

Many .investigators have stressed the complexity and
variability of storm—pericod sediment and solute responses to
discharge (Walling and Foster, 1978; Miller and Drever, 1377;
Foster, 1978a,b; Feid et al., 1981; Dupraz et al., 198%; Webb and
Walling, 13983; Walling and Webb 193ca,bis. Thus it is important
to determine concentration relaticnships to storm related
variations in flow. in practice, for a given watershed, separabe
rating cuwrves are developed for =seasconal flow and storm related
flow, For this study data collected during storm event campaign;

are related to discharge averaged over hourly intervals also

using the least squares regression approach.



z ' .
Onece the rating curved. were developed annuasl flux of & giliven

material by =ach river was calculated using the following

aguatian, : n
" o whe . .
Flux = % a@ ™ ¢ (2
’ i=1 :

where [ is the mean daily Chouwrly from storm event) discharge
recorded at the specific stream gage, n = 265 (or the number of
15 minute intervals represented by the storm event), a and b are
constantes derived from the leaét sguare regression analysis of
concentration on discharge, and t is the time over which {, is

aver aged.

Interpolation methad for estimating material fluwx. Several

interpolation pruocedures have been used for estimating total
loads or flumes of materials. Five representative numerical
procedures are listed in Table 5i3. These procedures make the
assumpticon that the chemical concentration of a water sample is
representative of conditions in the river for the period between
sampling. These approaches essentially attempt to weight the
concentration to discharge. HBecause of the sometimes
conaidérable differences in flux wvalues generated by the

[n)

different procedures, two were used: Methods 2 and S In each

i

_ =

s the calculations were carried aut using the results fram the

-
e

26 weskly samples collected between January 13988 and February

. Thus no= 2 and the conversilon factor K owas adjusted for a

discharge vecovd of 13 months.

mn



Table 5.3. Interpolation methods for flux calculations.

‘Method

Numerical Procedure -

n n
Total LoadeK(}Z%)(E%)
. v x1 “1
«C
Total Load = KQ, (E;)
e

Total Load = K? (=2

6-1

Total Load = K'T (Ci Qp)

=1

KE (CiQp)
Total Load = — Qr

TQ:

=l

Conversion Factor To Take Account Of Period Of Record

instanianeous Concentration Associaied With individual Samples

Instanianeous Discharge At Time Of Sampling

Mean Dischar oe ror Period Of Record

Mean Discharpe For interval Between Samples

Number O Sampies




FRESULTS

Water Quality Characterietics

Hydrographs and chemographs for the six gaging stations
2, A Through Fo

“y

during the period of study are shown in Figures .

" Dates of voutine sample collection are indicated by data points
along the time axis. Time is in days starting with 1 January

19388. Compared to historical streamflow data, the sampling

appeared to capture a fairly wide range of discharge conditions.

guite low.

The base flow rvrecorded at all gaging stations is
Superimposed on this pattern are short period storm spikes. Only

one storm event, occurring during September, appears particularly

significant.,
Bi-weekly water quality sampling during the study year found

proncunced differences in water chemistry between the seven

stream stations. DOC and mitrate concentrations were highly

variable during the study period. Concentrations of ammonia and

phosphate vere somewhat less variable and reached maximum values

betwesn July and Septembesr, although this varied bebwesn

 sub-basins. This was the approvimate time of the highest

discharge.

1§

Farticulate carbon, nitvogen and phosphorus vary, in

2ral, with total suspended sclids. The maximum oy gpike in

1

gen

f

particulate substances for the Cypress Creek, CZarlton Oreeb,



Hydrograph and Chemographs for Ft. Lonesome Gauging Station
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Hydrograph and Chemographs for Cariton Branch Station
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:E-.cmq.%:,m:_a Chemographs for Dug Creek Station
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Hydrograph and Chemographs for South Prong Station
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Hydrograph and Chemographs for zmamhx__m Station
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Himauma and Ft. Lonecsome chemographs ococur at the same fime but

are not present in the Dug Treek and ©

outh Prpng chemogr aphs.
Mean values for =zelected water guality parameters at these
sites during thelstudy year are listed in Table S.4. Tor a few
parameters (pH, turbidity, ortho-phosphorus), variation between
the stations was not large and comparison of station means for
these parameters with Duncan’s multiple range test found no

gignificant differences (p «.03) between stations. For the

majom ity of the measured parameters, however, variation between
stations was large and water quality in the different sub-basins

showed clearly different characteristics. A general discussion

of water quality at these sites based on mean values is presented
below with general reference to land use and possible

cause/effect relationships.



Tabhle .4,

stations ~ Little Manatee FRi.

frechwater

Cypress Dug Morth Carlton South Ft.
Farametey Units Wimauma Creek CTreek Fork Branch Fork Lonesomne

Specific  umhos 271 G2 28 288 &2 204 135

Conduwct . /om

P pH units &.8 €. &. 39 .8 - . 6.5 6.5

Turbidity lNTU 4.9 7.1 S.6 4.3 3.7 3.2 2.3

Color FCU 113 78 39 121 28 116 14z
TSE mg /1 3.1 8.6 &2 ] 3.3 4.1 .0

nParticuiate
- Carbaon mg/1 . B0 1.1 1.25 .93 1.15 .74 A4S

Total
Dissolved ma/l 15.7 16.7 11.0 14.3 9.3 3.8 1B.95

Carbon

Farticulate _
Nitrogen mo /1 .05 11 .11 .08 . 08 .04 03

NHs tas N2 mg /1 .08 . 2 .11 .07 « 08 07 - 05
NO =~NO .2 (N mg/l LS55 .39 1.1 .60 1.70 - 53 L1

Farticulate
Fhosphovrus ma/ 1 03 .07 « 04 . 04 L 02 02 01

FO4 (as F) mg /1 .24 L 1.0 .27 C27 et .27
Bilica mg /1 6.0 2.9 7 E.4 7.0 .4 L

. . = U - - .
Chler. a mgy/ m 2.7 — ——— .9 —— 1.3 _—

J

]

1
g8}
[}
m
3
b
£
—
Ja
—

*Taloium ma/l 8.7 deb, 9 66.9 2Z.B

*Adlkalinity

¢ e - . e B = - AT = - By o B ~
tas Catl.g me /1 =8, = 0.6 47 .5 7.2 28,6 9.2

*Chlovide mey /1 17.1 PEAE A =X 2 le. 8 2.8 2.9 17,49
#5ul fate mg sl a0.7 H3. 0 166.5  &2.8 56000 2RO 15,07

# Sampled morthly
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The Fort Lonesome station was the most upstream =i

monitored on the main chanpel of the Little Manatee Fiver. Larnd
use in the drainage basin for this station is different from
other monitored sub-basins in that the primary land uses are open
space and. pasture. The other sub-basins have much higher
. 8

densities of either citrus, vow crops, of residential
development. in accordance with this difference in land use,
water guality at the Fort.Lmnesome site was distinct from the
ofher stations and more similar to an unimpacted, central Flaorida
stream. CGenerally, water quality at this site can be
characterized as highly colored, slightly acidic, with low levels
o f suspenﬂed matter and moderate levels of nutrients. Mean
values of color and total dissolved carbon were highest at this
station, probably reflecting the input of humic compounds leached
fvom vegetafion and litter in the drainage basin. For a number
of parameters, mean values were either ranked lerat or near
lovwest for this station, with Duncan’s multiple range test
grouping the station alone or with one or two other stations
depending on the parameter (conductivity, turbidity, total
suspended éolids, particulate carbor, particulate phosphorus,
nitraté—nitrite, calcium, alkalinity, and sulfate); Although

further ewamination of soils distributions is necessary, it

&z LT 18

n

uvgaested that the Ford Lonescome station can be viewed as a

control, indicative of relatively unimpacted water qguality in the

hezin. -

i



The zite most similar 4o Fort Lonesome was the South Fork,
which was the only station on that branch of the river. Mean
values of alkalinity and chloride were ranked lowest for this
station, and a number of paramaters were ranked second lowggt
anly to Fort Lonesome (conductivity, turbidity, total suspended
solids, particulate cavbon, particulate nitrogen, calcium and
sulfate). For some other parameters (tﬁtal dissol ved carbqn,
ammoﬁia, nitrate/nitrite, ortho-phosphate, and Siiica), the South
Fork was ranked near the middle of the seven stations.

0f the remaining five stream sampling stations, two sites
(LMF near Wimauma and LMRE Neorth Fork) were on the main channel of
the river while three stations were on three tributary creeks to
the main channel. " These three tributaries, Carlton Branch, Dug

Creek and Cypress Creek, all flow from north to south and enter

\

the Little Manatee on its northern bank. Land use in Carltaon
Branch is'pvimarily agricuitural with extensive citrus groves and
row crape. Land use in the small basin (2.& sguare miles)
upstream of the Dug Creek sampling site is mixed with low density

residential, citrus and fish farms. UCypress Creek drains an area

in

of residential development where there was extensive highway
construction during the study yvear. Water quality for these
three tributaries to the Liﬁtle Manatee were grouped together by
the miltiple range test, and with & few exceptions, were ranked
1, &, and 3 with regard to mean valuesz for specific conductance,

alkalinity, calcium, ammonila, particulate mitrogsn and

particulate carbon.

rde
Sl
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In general, water in these tributaries waz lower in oo

and more highly mineralized than water

Hts
in the main viver o thé
Smuth‘Fork. This degree of mineralizatiqn was particularly
reflected in high mean values %or spéc;fic conductance (222 to
328 mgsly, calcium (35.&

to &6.5 mg/l) and
mg/l ). LCypress Creek was

sulfate (28.0 to 1&66.5
notable for the high levels of
turbidity, total suspended solids, particulate carbon and

particulate nitrogen, probably reflectingvthe goil disturbance
and resulting suspended load that was

=

generated in the sub-basin
during the study.

Dug Creek and Carlton Branch had the lowest
mzan color values found in the study (329 and 38 mg/l), but had

the highest levels of nitrate-nitrite and silica.

It is believed
that the high degree of mineralization and dissolved constituents

in-these three tributaries are the result of irfigatioh runcff.
High levels of gilica, calcium, and sulfate are characteristic of
ground waters in the region.

As discussed in Chapter

117, substantial groundwateyr pumping
coocuys in the Little Manstee basin for
Also, the LB

St

agricultural

irrigation.
G reports that ramoff to Cypr

gpes Lreel is
supplemesnted by spray lrrigation

i the basin. High levels of
nitrate-nitrite and ammonia in these tributaries may also result

from runcff transport of fertili

pdl =3 i U
to confirm the oo

ming investigations are
coourryence of

irrigetion runcff
tributari

in theze
Fumnoff-rainfall

relaticonzhips discussed elsawvhere
in this report show that bazepflow levels in these creeks are



highey than the other baziﬁ%eanﬂ Tikely supnlemented by
irrvigation runoff.

The three stations on the main channel of the Little Manatee
River are Fort Lonesome, LMR Novth Fork, and the LME near
Wimauma. Ezamination of hean watey guality values for these
three stations demonstrates the increasing miﬁeral and nutrient
content of the Little Manatee as it flows to Tampa Ray. Some
constituents, such as nitrate, silica, T85 and sulfate show
significant levels of enrichment proceeding downstream while both
particulate and dissclved phosphorus show little or ne
enrichhept. Althaugh Cypress Creek flows into thé>Little Manatee

below the LMR near Wimauma site, data from near Wimauma can be

w '

considered as indicative of the net water gquality flowing to the
estuary.

Mineral and nutrient enrichment of the Little Manatee River
iz also seen in the additional water gquality samples that were
taken aon May 17 and September 21, 19B% (see Figuwre S.12. Average
valuers for selected water quality parameters at ten of these
stations plus average valuwes for fouwr of the regular stations on
the same two datez are listed in Table 3.5, The stations are
grouped according to which region of the Little Manatee drainage
bazin they ocoour. Group & stations. in Table 5.5 are located in
upper part of the draimnage basinm near the Fort Lonesome zite.
These stations are characterized by relatively high color and low
values of specific conductance, sulfate, and at three of the four

zites, =ilica, Silie

i

valuss were high et sztaticn S in Hurrah

iy
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Table S.5. Average values for water gqueality parameters sampled on
‘ May 17 and September !, 19BB at selected stations in

Figure S.1.

Er oup A Stationg Group B Stations
Station Lnite 2 o = 3 = D
Specific  umhas/
Conduct. om gz 184 18¢ 165 .143 284
pH pH wunits 7.0 7.0 £.2 - 6.9 €. £.8
Color  Fru 140 115 ZE2E 102 115 a8z
NHs (N3 mg/1 .05 .02 L0500 L0 L O 02
NO o-ND = (ND mg/l . B L B0 L 0E S22 .14 .52
FO4 (F) mg/1 .31 .20 - <d . 20 .31 25
Silica . mg/1 2.3 .5 7.4 5.2 7.4 8.3
Ca mg/1 19 13 7 14 15 26
Alkalinity mg/l 16 46 a1 44 30 . 43
Chloride mg/1 | 12 1z 13 11 8 11
sul fate -mg/1l 15 16 18 13 1 7S
Total Dis-
solved mg/1 17 ie 2 17 _ 14 1z2.2

Carbon



Table S.353. (Coantinued)

Sy

-

Station Units 7

Specific umhos/
Conduct. o m

pH pH unite 7.2

Color FCU 87

NHs (N)  ma/l

NOQ = NO = (NImg/1

FOS C(FD mg /1

LIRS

Silica 4.0

Ca mg/1 18
Alkalinity mg/l 28
Chloride mg/1 21
Sulfate-A ma/l 16
Total

solved
Carbon

Dig~
mg /1 11

18

70

17

e v

17

16

L0323 0%

14 13.2

_reek, and moderate

statione 2 and 4 in

Al dermans

mitrate-nitrite

Creel.

concentrations

Wer e

found at

Group B stations are in the South Fork of the river, which

as previously discussed,

Fort lonesome arsa.

of the Bouth Fork for

nitrate-nitrite,

DS W L

mever ]

ano

=l Tak

constituents

o

12z water quality most

) oprogyessing

1 ml lar

to the

There appe2ars to bhe considerable enrichment

Ceonduckivity,

from upstraam



mhtation 204 c

Soto the regular South

the north fork confluence.

Group C stations are located on Fierce Branch and Carlton
Branch which both flow into the Little Manatee Novth Fork.
Station 7, on the lower reaches of Fierce EBEranch, has water
quality similar to the upper station (#3) on Carlton Branch.
Station E, the regular sampling station on Carlton Branch,
however, has markedly higher concentrations for a number of
parameters (conductivity, silica, calcium and sul fate) probably
due to irrvigation runcff to this streém.' Closer investigation o f
land—use in the Fierce and Carlton Branch sub-basis should
establish the water guality effects of various agricultural
practices. Group D stations are two small tributaries which
dfain into the river dawﬁstream from the Carlton Eranch
confluence. These stations had some of the highest levels of
gpecific condustance, silica, calcium and>su1fate concentrations
of any sites monitored durimg the study, pregumably due to runoff
from groundwater pumping. Interestingly, however, neither

nitrate-nitrite nor diszolved phosphorus concentrations were high

J]

for these streams.

Group E stations are listed to show the increasing mineral
content of the north fork of the Little Manatee as 1t progrescses

downstream between the confluences of Carlton Branch and the

sotbh Torlk. In a distance of approximately four river miles,
increases are seen in conductivity and milica by near &

= oand s=wlfate

by a Tactor of 5.0 Thiszs small gesgra




tooinvestigate

[

=P

will be examined in detailﬁwith regard to land-use

cauzes of theze water guality chang

the
Chemical Transport from Sub-basins
was distussed in the Data Feduction section, the annual
s, and

Az

fluw of dissolved and particulate nitvogen, phosphoru

carbon and total suspended solids were calculated using two
The first

extrapclation and interpolation.

different approaches:
approach is accomplished by developing rating curves and
Two interpolation

integrating these over the annual hydrographs.
procedures were used to caloculate annual fluxes.
Fecause the rating curves potentially provide information

can be drawn these results will be

from which other conclusions
Following that, annual flux

secticon.

discussed in the next
estimates based on both the extrapolation and interpolatioh

approaches will be presented, compared and discussed.

The results of the least square regression

Rating qurves,
fit of the data for the various parameters to discharge are givan

dissal ved

in Takle S.& for each gaging station. Faor
constituents, significant rating cuwrves could be established for
suspended solids and particulate carbon for

DA, phosphate, ftotal

of the gaging stations. Mitrate and particulate nitrogen
ing

all
rating curves were significant faor all gaging stations except
ezpectively. Theze gaging

Carlton Bramch and FY. Lonesome,
rating ionsbips for partioul at

- 81
ghtationes had nonsigni ficant

=
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TABLE - O- 6

. . . . . *
Rating Relationships for Gauging Stations
(r2 values underlined represent non-significant relationships)

DOC NO; NH3
a b 2 a b r2 a b
LONE C 014 292 043 016 -195 0.4 006 -3.37
CARL 028 241 044 009 041 001 035 -2.92
SP 022 247 042 032 -0.87 0.36 0.12 -3.34
DUG. 0.12 260 0.19 015 -054 0.1 0.13 -2.25
WIMA 0.23 231 0.48 0.07 -0.62. 0.03 20.15 -2.60
CYPR 0.06 2.85 022 042 -2.19 0.56 0.18 -1.95
PO, TSS PC
‘ a b 12 a b r2 ' a b
LONE 0.10 097 040 016 070 022 0.19 -0.79
CARL 0.31 -0.98 0.67 0.32 197 045 0.26 031
SP 020 -136 082 034 1.17 050 033 -0.54
DUG 029 -196 0.19 031 242 0.55 035 0.73
WIMA 0.18 -134 044 038 1.00 0.0 0.40 -0.93

CYPR 0.24 -298 (.30 021 242 028 0.23 0.46

PN ' PP

a b 2 a b 2
LONE 0.13 -3.87 0.06 017 -4.20 (.10
CARL 029 -256 0.16 056 -3.01 0.5
Sp 041 -3.51 041 018 -379 0.16
DUG 0.38 -170 0.30 021 -270 022
WIMA 037 -371 0.15 0.14 -3.68 0.03
CYPR 0.26 -1.95 0.8 0.13 -2.83 0.06

Parameters listed are for the general equation: In C=alnQ +b

=
S

l.

=
=
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ohognboross ard 211 but S (Zarlton Branch and Wimauma? hao
i
oD 373 ¥ e

ationehips for ammor s,

The lack of abserved siagnificant rating felatiomghipg four
ammonia for most of the gaging stations is not surprising given
the variability of nitrification and denitrification in the
watershed. .

In general, the significant rating cuwrves for & given

parameter are similar for all gaging stations.

Fluges from Sub—-basins. The annual fluxes of dissolved

organic carbon nitrate, ammonia, phosphate; particulate carbon,
nitrogen and phosphorous; and total suspended solids from the six
sub-basins of the Little Manatee Watershed were estimated using
the three methods described in the water chemistry data reduction
section.

Fesults of the.two methods which gave the best

agreement are presented in Table I.7. These estimates of fluxes

for each constituent for each gaging station were used to

caloulate mean annual fluwe:

o The poorest agreemsnt was obheerved

.

generally for the smaller sub-basins.

The total fluxes of the various constituents due

f_‘ Dt

discharges fram all sub-basins are presented in Table S.8.  The

relative contributions ta these fluxes from each sub-basin are

also givern in thi=s table. Fluxes of dissclved nitro

grer and

particulates from Zarlton Branch, Dug ©

reek app=zar

dispropovticnately high on the basis of comparison to watershed

oy b s b ay




| Sub-Basins

Ft. Lonesome
(LONE)

Carlton Branch
(CARL)

South Prong
(SP)

Dug Creek
(DUG)

Wimanma

(WIMA)

Cypress Creek
(CYPR)

— -

TABLE <

Annual Flux of Dissolved and Particulate Nutrients
and Total Suspended Solids From Sub-Basins of
The Little Manatee River

Kilograms Per Year

DOC NO3 NH; POy PC

PN

x10°  x103  x103  x103 x103  «x103

103 472 1.62 194 277
10.8 430 234 189 394

105 451 1.98 19.2 335
04 030 051 0.3 83
1.70 21.5 ~ 0.86 582 205
246 309 1.26 7.07 315
2.08 262 1.06 6.44 260
053 67 028 088 7.8

1069 154 249 224 723
© 005 116 241 346  96.0
0.87 135 245 285 84.2

116 27 006 86 168
0.65 329 051 071 107
0.69 3.73 0.67 2.08 452
0.67 351 0.59 139 279
0.03 031 0.11 097 244
40.6 850 957 §7.4 319
418 753  8.10 82.4 349
412 801  8.84 849 1334
08 69 1.04 35 21
254 157 1.88 0.88 269
254 135 175 130 353
254 146 1.82 1.09  31.1
000 015 0.10 030 60 .

1.12
211
1.61

- 0.70

1.18
2.01
1.59
0.58

4.66
5.96
5.31
0.92

0.96
2.99

b ek et
— 00 \D ~J

W-JWOh Diob

=ISISIN
Ot o

PP
xlO3

0.87
1.36
1.12
0.35

0.97
1.06
1.02
0.06

1.84
2.39
2.12
0.38

0.33
.0.58
0.45
0.17

7.36
0.25
g.31
1.34

0.92
1.61

1.27°

0.49
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TABLE ~

Annual Material Fluxes to the Little Manatee Estuary
and Relative Contributions from Sub-Basins

Totall LONE CARL SP DUG WIMA  CYPR
(tons/yr.) (Percent)
DOC 4370 24 5 23 2 94 6
NO3 81.6 6 32 17 4 98 2
NHq 10.6 19 10 23 6 83 17
POy 86.0 22 7 33 2 99 1
PC 365 9 7 23 8 92 8
PN 20.9 8 8 25 9 .87 13
PP 0.58 12 11 22 5 . 87 13
TSS 2160 4 6 18 5 90 10
Watershed 4513 19 4 27 2 95 5
1. Total is calculated as the sum of the fluxes measured at the Wimanma and Cypress
Creek gauging stations.
2. IB refers to the inner basin. Fluxes are calculated as the difference between the

flux at Wimanma and the sum of the fluxes at Dug Creek, Carlton Branch, Ft.
Lonsome and South Prong.

3. Watershed area 1S in kmz.
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Totat 4 civen e Tabile TLF BT
s e amonnt ool om :

viel delivered to the
herauwse we have notb

consiodeved smaller

LY T e
as direct su

of materials
wr face vunoff and contrvibutions downstream of the

s by

gaging stations. We alsa have not considered removal procresses
that may be ooo

urring downstream of the gaging stations.

The efficiency of material mobilization from each sub-basin
is compared in Figures 9.3 A and B. Figure S.2 A

compares the
Flux of subets : i

diecsol ved

the same for

= ™

5.3 B does
particulate substances.

These comparisons can be
used to distinguish similar wvatersheds and perhaps identify the
influence of different land use practices.
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VI. ESTUARINE WATER CTHEMISTRY
i,

ORIECTIVES

An overall goal of the Little Manatee Eiver Froject was to

examine the relationships of the guality and guantity of

freshwater inflows to the ecological characteristics of the

Little Manatee Fiver estuary. A central component. of this
investigation was the monitoring of salinity and water quality

conditions in the estuary during the study vyear. Data collected

within the estuary were synoptic

with the freshwater stvream

sampling so the effects in the estuary from short term changes in

freshwater inflows could be examined.

SAMFLING AND ANALYTIIZAL METHQODS

Estuarine water quality sampling was conducted on a bi-

weekly basis with 26 sampling events occocuwrring during the study

year CJanuary 24, 1388 to Januwary 24, 19293, Sampling in the
eztuary was coordinated with the frezhwater zampling regime and
o 2 date; estuarine and freshwater samples were collected on
woo dates, fre

the zame day Or sehwater zamplez W

L

the day before the

estuaring zampling.

—

cztuarine field sampling included & combination of two fixed
location =

ationg

ationg which were located on
speci fic surface ity concentrations (Figuwe £.10.,  The first
fived location station was located in Tampa Bay northwest of
marber H1, apovrosim:

ey T

Yo o222 miles

from the river me




o -

River miles - Little Manatee River Estuary

Figure 6.1. Reference lecations of estuarine sampling stations inm Little

Manatee River and Tampa Bay., Fixed locations are shown by an X
in Tampa Bay and Ruskin Inlet. Mileages shown provide reference
for values listed Iin Table 6.1 for stations based on salinicy
eoncentrations.

oo
b S



Following the b

! The second fix

-

Eim Tndlet, & channelized tribuats too the Littie Meanalee

Fiver approximately 2.5 miles upstream of the river mouth,  The
locations of the remaining sampling stations were flexible and
based on the location of selected sw face water salinity
concentrations on the that sampling day. For the entire study
year samples were collected at 18 ppt and O ppt salinity
concentrations. The O ppt salinity station was determined by the
lozation of surface water near 1000 umhos/om specific
conductance.  For the first two sampling trips, samples were
tahen at the 9 ppt salinity concentration, but this station was
discontinued and for the remaining 24 trips samples were taken at
the 12 ﬁpt and & ppt salinities. Fiver mile locations were
recorded for all samples collected on salinities. The locations
of these stations during the study year are listed by rivermile
in Table &.1, while a map of the estuary showing river mileages
iz illustvated in Figuwe &.1.

Ail estuarineg water guality sampling waz conducted in the
moyning or early afternoon on an incoming tides. At sach. station,
duplicats water zamples were taken from both surface and bottom
water;.- Water Eémplea for chloraphyll analysss were kept chillled

arnd tramsported to the Florida Department of Natural Eesources

lLaboratory in 8t. Fetersburg where fi

iltration of the sample for

pigment removal was doneg the same afternoon.  As with the fresh

4, and Foand oi




Table £.1.

I4
Location of Little Manatee River salinity stations and
the Tampa Ray station by rivermile. FERivermiles were
measured as distance from the mouth. Negative numbers
indicate distance intoc Tampa Bay measured in the channel
from navigation marker #1. PFositive numbers are
distances from the mouth toward the head of the river.

Date

01726788
QZL/10
0Z/29
QO3/032

Lon I S e
Q322

O /06
Od4/20
0 /04
05/18
08/01
06e/13
OE/29
07/14
07728
08/10
0B/30
G3/08
Q9,22
10/11
10/25
11/G7
11721
12/08
2720
orlrsiises

01 /24

Aver age
Range

Tampa . Fuskin
Bay 18ppt 1Z2ppt = 6ppt Oppt Inlet

~Ee 2T =0.22 M.D. N.D. .7 PRI
0.3 N.D. N.D. 6.1
0. 34 1.9%5 .40 6.3

0O, 00 0.82 .00
-1.8Z -0.18 1.02
Q.00 205w . OO0 7.2
1.30 3.60 6.20 8.45
1.85 2.70 6. 15 8.35
Se TS €. 10 7.23 10,22
3.70 S.65 8.30 10,496
4.80 €. 60 8.60 10.45
5.10 &.1& 9. 60 10,82
.30 5.19 8.34 9.85
1.0 3.50 5. 30 7.19
0. 00 0, 24 1.15 4.z24
-1.23 ~0.391 0. 00 S0
-2, 10 T.Bay** 0,31 0.0
T. Bayx* 1.52 .10 £.20
T.RBay¥+ —0,45 4, 20 &.25
I 1.00 2.7 7,10
—1 .45 -1.18 1.40 4. 550
~0. 37 0,95 4,70 7.B83
-1.46 0. 20 Z.80 7.13
0, 00 1,51 (253 7,13
G, 000 2. 70 oot 7.E
T.Rav#y ~1.55 a1

—Z. 2T +0. 65 +2.173 +4, 27 L D
1.0 —~2. 10 ~-1.95 -0, 81 0 O
C.'

to .10 to &.ED to TLE

#fived 1

ccation
w¥zalinity

concentration found et Tampa EBay



Carbon! was done in the frelod with vesulting filtevs and
i

filtrates put imm an dioe.  Bamples (filters) for

particulate phosphorus anal vei were pericodically shipp
CBLARES for digestion and measuwrement.  REemaining water chemisiry
parameters were analvzetd at the District Laboratory in
Brookswille. Water samples were analvzed for the parametbters
}isted in Table 5.1, uwsing the methods indicated. All
statistical analyses and presentations of these data are based on
the méana of duplicate samples.

At each water quality station, vertical prafiles of
temperature,‘diggolved oxvoen, pH, specific conductance and
salinity were made at 1 meter intervals plus bottom with a
Hydrolab Surveyor IT water quality meter. Alsc, at each station,
a light penetration profile was taken with a Li-Corr photometer

=

and in-water light intensities at .3

by measuring ambient (declk
meter intervals plus bottom.

Beginning with the tﬁird sampling trip CFeb?uary 2, 19890,
additional measwrements wers made throughout the sstuary for
vertical profiles of temperature, dissolved oxwygen, pH, specific
conductance and salinity. These messuwrements were per forimed
during what is termed & "Hydrolab run”, where numerous fixed
locations in the river were sampled within a one howr period.
ATter water chemiztry samples were collected on oan incoming tide,

feermoon an &

T m im o the mid-a

Hydrolab runs were

cions for the Hyvdrolab rum weare st

high=tide condition.

locations setending from the river moukbh ta

S}
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Wwith extra measuremente taken !further wapshream during twe

samzling eventa., The Hyohvolab yun

iz

ALY E 1T

zitn physical parameters throughout the est

as osimilar

conditionsg as

Similar sampling had been done in the

Little Manatee River by the District between 1385 and 1387 Much

A

of the analyses regerding salinity distributions and dissolved

oxygen relationships in the river are based on the "Hydrolab

runs' made from 198% to 1987 plus the study yvear.

DATA REDUCTION

Advection-di ffusicn models have been used by many

investigators to interpret estuarine chemical data (e.g., Li and

Chan, 127%2; kaul and Froelich, 1984). These models use salinity

as a tracer. The distribution of a constituent in estuarine

waters can be compared to salinity to determine whether a

sub=tance is: 1) conservatively transported through the estuary,

removed from the water column or (33 added to the wvater
column due to local inpubt (e.g. anthropogenic, re

sediments, etc.). These types of &
3 ¥

stuarine behaviors are

demonstyated in Figuwe &.2

From the advection—di ffusion moo

unEing salinity as &
conservative tracer, the intercept of the extrapolation (or

N
o

i1

o
2t

erntd =f the

iy

nt—salinity o

the high za

lTimity

2nd of the curve where ohanos
o

ituent concentration with

chanps in salinity is i, is defined az the apparent Il

Car e demonshra

TEmatl
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multipli

concentration and the A25 value gives vhe vate o

ol RN

removal , or release, of the constituent, per unit time, nec
to produce the mbserved concentration distributicon. The oy
assumption vequived iz that the concentration of the constituent
in the freshwater input is constant over the rvesidence time of
the estuary. For the LLittle Manatee egtuavy, this assumption i1s
satisfied sufficiently to draw the conclusions that will be made.
Following the approach described above bimonthly daté for
-cpncentrafionz of dissolved nitrate + nitrite (NOs2, ammonia
UNHx 2 orthophoéphate (FQ 2y, organic carbon (DOC); total suspended
solids (T8S); and particulate carbon (FC), nitrogen (FN)Y and
phosphorus (FF) were plaotted against salinity. The zero salinity
copcentration was taken to be the meanAvalue of the bimonthly
concentrations observed at the Wimauma and Cypress Creek gaging
staticons weighted by their mean daily discharge at the time of
samplinq.‘ This value was then pleotted on the constituent ve.

= llnltv curves for gach month.

RESULTS

uallnitw Distributions

Fiave

Streamflow lew in the Little Manateese Fiver typicall

S g e o am e o o [ o
Lar VaT LETLION Wit T
distributions in the esztuary.
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streamflow in

trief periods of heavy rainfall rapidly

the basin and short—-term flows over 1000 ofz are not wnoommon.

du described in Chapter IV, an unusually wide vange of

atreanflow levels ooourved during the study year. tuarine
water guality and salinity sampling during January through March
corresponded to medium to medium—-high flow levéls for the river
(71 to 429 cfs daily flows). EBeginning in April, a prolonged
periad of generally diminishing flows occurred which were lowest
’in mid=-June (13 to 20 cfs) and extended into early July. ngmer
rains began in mid-July and flows were at moderate levels for the
remainder of that month. The first high flow levels (1030 cfs?
oz uryed during the August 10 sampling event, and'extremely high
flood flows (3720 cfs) were recorded in early September after
fou} days of heavy rain. Flows generally returned to low to
moder ate levels for the study year, although storm events raised

28 and January 1323,

Tlows to 414 and 433 cfs inm November 13
respectively.

Salimity distributions in the estuary showed distinct

changes in flow., Mean water column

Changes in response o these o

salinity for four fixed locations in the river are plotted by

date 1n Filigure £.32.  Salinity at the mouth of the river remained

albove Z0 ppt ountil sarly September, when flood flows briefly

veEduns e

Rt Fo i vemainder of &

malind bl 18 malinit
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Figure 6.2. Mean water column salinities at four locations in the Little

Manatee River, February 24, 1988 to January 24, 1985.
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in Movember and Januwarsy cdus $o

Salinity at mile S.83 (Figue €.30) displaved & much wider

degree of fluctuation. Salinity steadily increased in the spring

continuing dry ses

arnd marly summey 1In response to the

Salinity was highly variable the rest of the study year, ranging

from O to 5 ppt after four ﬁﬁorm QVEﬂtﬁ.tCI above 10 ppt
during a dry spell during December and early January.

The cther tws staticns (mile 7.19 and mile 9.53) presented
in Figure &£.3 show & Similar‘trend with regard to =alinity. Both
stations were essentially fresh in the early part of the study,
but salinity increased beginning in April and continued with the
dry season until early July. Increases in flow during the summer
rainy seascon reduced salinities to low levels, and for the
remainder of the year, they remained near fresh at mile 3.33 and
below 3 ppf at 7.139.

Seazsonal changes in salinity distributions are also
described by iongitudinal p;ofilez of mean water column
zalinities on selactéd dates which are presented in Figure €.4Ca—
. Az shown, salinity in the river below mile 7.1% were reduced
from February to March dus to an increass in flow. The maximum

ohserved zalt penetraticon is shown for June 29, near the and of

the dry season, when salinitiss above 20 ppt were found

10 was near & ppt. Dalinity in the

t

upztrzam and salinity at mils

i

river decreased thrvrough July and August, and the viwver .

lens &t the mowuth during

S
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Figure 6.3. Longitudinal salinity profiles for the Little Manatee River

estuary on selected dates from February 24, 1988 to January 1989.
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had retalned Lo mors

aalymi by

throuabl the fall,
i Jdanuar y

al koo

froshensd the river above

The salinity data presented graphically above show that

galinity distribution in the Little Manatee Fiver is highly
variable and responds to relatively small changes in streamflow.
This phenomencn is common in estuaries and muich of the estuarine
bicta are tolerant of widely lectuating salinity. One approach

for describing estuarine ecological structure, howvever,
estimate the frequency that various salinities are encountered at

different parts of the river.
For the Little Manatee Fiver Froject, salinity measurements

recorded between 19285 and 1389 allow the statistical examination
In Figure &.53,

of salinity—-flow relationships in the esstuary.

galinity at various points in the river are plotted versus

average daily flow when the respective measurements were taken.

0

Fredictive equations for salimity as a functionm of flow for these

L on anal yel s,

locations are being established using linear regre

7 Figure 6.9 use average

b}

Although the relationships presented i

iw expsoted

wement It

daily Tlow at the time of zsalinity meast

that same integrsated flow valug, such as the preceding o
da grage flow, will give & better fit., Thes inclusion of a

<
i}
<

wonding o high-tide height st the tims

variable corre

relationships. The

of sampling should also inoreasse the fit of
cpment of eguations wslng vegression analy thern b

the Tlow duovation characher
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Figure 6.4. Relationships of mean water columm salinity to same day average
flow at four locations in the Little Manatee River estuary.
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give estimat

encountered at di Tlerent Dooations on

sloveed Dwvoen

Seasonal dissolved owygen conditions in the Little Manat

Fiver

tuary are examined in this veport primarily from data
collected in the "Hydrolab rung” which were conducted on 24
sampling dates between February 24, 1988 and January 24, 1289,
These data are particularly useful because they were dollected
throaughout the estuary on zimilar conditions (mid-afiernoon,
slack high tide), thus reﬂucing possible confounding effects from
time of day or different tidal conditione. Other data which may
he impmrtant.for understanding dissolved oxygen concentrations in
the estuary are the physical aﬁd chemical date collected esach
tyip on the incoming tide before the Hydrolab run wazs per formed.
Dissolved oxygen (D.0.) concentrations for fow locations in
the estuary during February 1988 to January 1989 are illustrated

in Figuwre &.&. D.0Q. concentrations were typically highe=t and

szasonal variation at the mouth of the river. . 0.
did show the supected inverse relaticnship to water temperature,
with imighest D.O. concentrations founmd in the winter and lowest

concentrations in the sunmmey. The lowest imstantanecus mean DO,

level

il

4.0 mgdl during the sarly

September

LD concentrations at wmile 4023 (Figurs 3
greErey sl Towses Than st LMY
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Figure 6.6 Mean water column dissolved oxygen concentrations at four '

locations in the Little Kanatee River estuary, February 24, 1988
to January 24, 1989.
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fznthe, Mean DL 0. o
betwesn July Syt Tives

 hed in oan dncreass in D00 at bhe

September flood astual 1y

station. 0L concentrations were morve ervatic at mile 7.1%, but

follmwed‘a zimllar seaconal pattern to mile 4,23, Low D.O.

levels were obzerved dwing the summer, but D.0O. concentvations
increased from the September to Dctober samples and remained high
for the remaindet of the yvear. D.0. concentrations showed the |

N ]

most seascnal variations at mile 2.52 where levels above 10 mg/)

were recorded during May and October, 1988, but levels below o

mg/l>Qére recorded between June and Septeﬁber.

In sum, D.0. concentrations in the Little Manatee Fiver were
at high levels during most of the year but reduced to values
below 4 mg/l during much of the summer, indicating potentially
stressful concentratioms for aguatic bicta in the summer.
Differences in D.0. between surface and bottom waters were small,
however, and it does not appear that oxygen stress cocurs in
HGenerally, with regard b

bottom waters due to limited mixing.

.. y .
temperature and salinity effects on water density and

i, the Little Manates tends to be well mixed. There

are areaz of the river, however, that appear to be sensitive to

factars that could reduce D.O. concentrationz.  Longitudinal

profiles of zalinity and diszolved oxvoen concenftrations ave

plotted by vivermils in Figure &.7. Frofiles measured from Juns

in 0.0, from the mouth

through Avgust show coms

too FoO, owith mindms often o

upstrs
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Figure 6%2?

Longitudinal profiles of mean water column salinity and dissolved
oxygen profiles in the Little Manatee River estuary, February 24,
1988 to January 24, 1989.
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i ma wey e found over &

upsbtreamn 1n Low salinity and

frecshwater reaches.

Al though not shown, DOOL concentrationz at the neare
freshwater stream site (near Wimaumal) did not reasch the low 004
mg /1) concentrations obzerved in the estuary. Estuaries, because
of their tendency to retain suspended and organic matter, are
oftern zites of D.0O. depression. Data to date indicate that the
Little Manatee River estuary does not currently have a sericous
thBlem with low dissclved oxygen concentraticons, but in many
areas.of the river, conditions are barderline and further
perturbations could result in significant reductions in water

guality.

General Water Chemistry

Mean values for nutrients and other water quality parameters

for the estuarine zampling stations are listed in Table &.2. All

vhions, =sroept Fuskin Inlet, arve arrvanosd with sali

reducing from left fto vight (fram

along the =zalinity gradient can be
general water guaelity characteristics of the estuary are
summarized in the dizcussion below. Greater detail veogsrding ths

behavior of nuitrients

in the estusny

prosvi ded in hhe



Table &.2. Mean values for water chemistry paramsters at
estuarine sampling stations - Little Manatee
Fiver.

Tampa : FPuskin
Far ameteyr Linite Fany 18 ppt 12 pnt £ rmpt 0O pot Trl et

by e R =

Mile miles —-2.27 D57 PE .27 T 2.8
Salinity ppt 22, 18,6 12,4 £.4 ) 0.6
Temperature °C 2.6 23.0 2401 25.1 2. 24.7

pH pH 7.2 7.0 €t 6. B tw 7 A

Turbidity NTU 4.6 .9 3.0 4.2 . 5.8 4.13
Color FCU 14 5 44 70 108 57

Total Bus- .
pended Solids mg/l 19,2 10.5 2.z g, 0 7.1 10.1

Farticulate

Carbon mg /1 1.18 Q.84 0.21 1.25 1.30 1.46
Total Dis-

solved Carbon ma/l  &.% 7.3 3.8 11.8 14.8 11.7

Farticulate
Mitrogen mgi /1 0.13 G, 10 .11 0,13 0.1 0,17

MHs Casz NY  mg/l 0, 0 .08 0, 0 0,08 Q.07 0,07

NU oND oM me /1 .02

Farticulate

Fhosphoruse  mg/1 G, 08 0. 038 O O 0,05

FO4 fas FY omg/l - 0.24 0,37 0,9 0,51 0,00 O.325

GBilica mg .1 G, P Gl .7 4.2 Tk
Chlor a mo/m £.8 S TLo 1.4 15,8 1,0
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Eay, however, are much di fferent than the watere of
tributaries such as the Little Manatee Fiver. The progression

from the upper reaches of the Little Manabse

snbuary 0 ppt
stationy to the Tampa Ray station cshowsd chemical differences
indicative of & change from nutrient-rich, low-salinity waters to
phytoplankton dominated, high-salinity waters. Nitrate-nitrite,
gilica, particulate carbon, turbidity, and total dissclved carbon
showed distinct declines in concentrations from the upper reaches
bf the estuary to Tampa Bay. With the exception of phosphorus,
the bay has much lower levels of dissclved nutvients (N, Si) due
presumably to phytoplankton uptake. Dissolved phosphorus
concentrations were distributed very evenly along the salinity
gradient with mean values ranging between .30 and .34 ma/l,
indicating this nutrient is not limiting and is in excess supply

in the estuary. Total suspended solids were highest in Tampa

Bay, and incresazed with zalinity in the river due to the

influance of bay ws
The Ruskin Inlet station, listed om the far right of Table
S.dy, was located 1n oan wbanized tributary to the Little Manatee
that receives considerable amounts of wrban runoff. Of coaurse,
salinity fTluctuated much more at bthis statiom fthan &t the

stations located on ific gsalimity concentrations. Sur face

o A ey
YRR

Inlet ranmged Trom 0.0 o Z2.0 ppt during

the course of the study

sraged 10



TEngE Trom &

riewater innuils andg the

Cmedium s=alinity) to & low salinity envivonment.

Mutrient and Suvepended Solide Distribution

The results of the analyses of dissolved and particulate
nutrients in estuarine samples are plotted against salinity 1in
Appendices 1A (disscolved) and Ik (particulated). Comparing the
éeightedAfreshwater concentration o f a substance to 1ts
concentrations at higher salinities provides a basis for Judaing
estuafine behaviocr of the substanﬁe ag discussed in the data
reducticn section.  For this purpose, the trend in the data for
concentration versus salinity connecting weighted mean freshwater
concentration to concentration at highest salinity is interpreted
asldiscussed earlier. The following discussion summarizes the
behavior of the nutrients based on thelr estuarine distributions,

erved to behave

Dizcal ved Nutrisnts, DoC is

approsimatel y conservatively throughout the year. Results

"

with fresh waler

t th

Sgges

o

t the relatively high DOT 2

[
!
if

iz diluted as fresh water mixes with seawater in the estuary.
Most of the yzar nitrate appears to be removed in the

sstuary, perhaps due to uptake by microovrganizms, ammonia

concentrations, howswver, show mid estuarine maxima indicating its

production within the
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phozphate appears to be ryemoved in the estuayy. Al hoagh
phosphate concentrations are mostly conservative in ths Little
Manatee estuary, the relative value of the fresh water and high
salinity end-members varies. January to March fresh water
;Dncentratimnz are highey than the high salinity {i.e, ooean
gnd-member) concentrations. This iz true during July and August
as well, but during the rest of the yvear the high salinity mixing
end member has areater concent}ations of phosphate than does the

fresh water end-member.

Total Suspended Sediments and Farticulate Nutrients. Total

suspended solids increase virtually conservatively from zero to
higher salinities. This suggesfs that the greatest source of
sediment to the Little Manatee estuary iz Tampa Eay.

Crarticulate carbon, nitrogen and phoiphoroui are
significantly corrvelated (paG.01) throughout the sstuoy,
throughout the year. While it is apparent that & large fraction
of the particulate nutrients is devived from Tampa Fayv, there is

zomz indication tThat particle production, due to primary

production, may influence mid-estuarine concentrations during

June.
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an investigation of

productivity in

spatial and temporal patterns o

Sfopyimary

primary production, i.e. nutrients, ohlovophyll o and

. Water gusality parameters

related

Taight

panetration profiles, were measured at each water guality

station. In addition, rvesearchers from the University of South

Florida accompanied field crews on each trip and collected

sur face-~water samples for analyses of phytoplankton composition,

primary production (photosynthesis) and nutrient limitation.

brief summary of the year one results for chlorophyll

concéntrations'and phytoplankton abundance and composition is
presented below. Much greater detail regarding these data,

the results for the primary producticon and nutrient limitation

analysesz; are contained in the report submitted by
the University of South Florida (Vargm, 132830,
Mean annual values for chlovophyll a, primary

total phytoplankion cells are listed in Table &.2.

and phytoplankton cells were meazuwred at all statl

primary pyoduction me vrements were per formed at

ey 4

except & ppt salinity and Ruskin Inlwet. EBecause all

Dr.

‘.

production

Chlorophyll &

s

all

except Fuaskin Inlet were congistently collected along

zalinity gradient, the v L ts Tar Inlet ar

b

A

plus

Vargo of

whiile

stations
stations
the

@ @xami ned

ancl



Table £.3. Annual mean values, for several parameters related
to primary producticon in the LMR and Tampa Eay,
arranged in rank order.

Total Phytoplankton Chlorophyll a Frimary Production

T =lt

— -1
Rank Station Cells ml Station uo/l Station mglm _ hr

1 F.oInlet 0% 20.3 0% 1o o
iz T.Eay &O0O7.0 F.Inlet 195.2 T.Ray 8,28
3 0% 471201 &% 15. 6 12% 84,05
=l &v. 4314.,0 2% 10,2 187 S0. 89
5 12% 3IE0.E T.Eay E
& 18% 2808.8 18% 7.3

The ranking of mean values for chlorophyll &, primary
production, and total phytoplankton cells sh the moveable
salinity.Etations which were located in either the river or baoat
chanﬁel cutside the river mouth. All three parameters were
highest at the O ppt station, and steadily decreased with

salinity, being lowest at the 18 ppt station. Generally,

variation in these paramegters was much greater at the low

in

i

alinity stations, with freguent high valuess indicative of

b

periodic algae blooms. Neary Lthe mouth of the river in higher

seasonal variations in phytoplankton cells,

chlorophyll a, and primary production were much reduced. & more

detailed discussion of ssaszonal traends for fthesze paramsters is

el WL B g e

presented in & following ssction.
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seaward, ard vepresented a much di fferent physical environment
from the moveable stations which we%e lozated within o near the
mouth of the viver. The bay represents a high salinity UiR
ppty, wind mixed, open-—water environment where substantial
phytoplankton populations are present yaérwround and waters are
generally low in dissolved nutrients, particularly silica and
nitrogen. Total ﬁhytoplankton cells were highest at the bay
compared to the other stations except Ruskin Inlet. Chlorophyll
concentrations, however, were comparatively low and ranked only
above the 18 ppt station. This difference in ranking for .
phvtoplankton cells and chlorophyll ﬁoncantrations is probably
due to phytoplankton species ﬁohpoﬁition in the bay, which was
usually dominated by diatoms with low concentrations of
ctilorophytes and blus—green alga2. Primary production at this
zite wazs at a moderate level, zimilar to the 12 ppt statiaon.

Im sum, although the bay was ranked differently for the
. rhzeyvved for the - bay

various parameters, a consistent pattern o

H

arid river

tem., Fhyltoplankton production was high in the low-

salinity upper veaches of the estuary and gernerally declined,

with veduced variation, toward the mouth of the river.
Fhwytoplankton production did incre s, Powe from the 18 ppt
e tion o the bay vefleckting a brar
Lo othe open-hay snvivonment. O mome dat ¥




7, there were exception. o
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The Ruskin Inlet station, the only other Tixe

im the study,

located in a channelized tributary to the
Little Manatee approwimately 2.5 miles upstream from the viver

it Fuszkin Inlet recelve considerabhle stormeater vrunoff

after raing, but residence times in the Inlet are probably
relatively long because tidal and river curvents appear to be
muzh reduced there compared to the main channel of the river.
Fhytoplankton cell counts were highest for this ctation due to an
abundance of micrmflagmllates.‘ Although the mean number of
phytoplankton cells was twice as great for Ruskin Inlet compared
to the © ppt station, these stations had similar chloraphyll

means of approximately 20 wg/l.

eaconal Trends for Chlorophyll Concentrations and Phytoplankton

Compesition., Surface water chlovophyll concentrations for the

eztuarine stationz are plotted by date in Figure 6.8B. These

s ares gqualitatively compared o phybtoolankton abundance and

7

species composition in the sstuary. Howsver, the veport by Vargo

should be consulted for detziled information re

arding
phytoplankton communities.

Chlorophyll concentrations in Tampa E

than

vowere low {1

10 wug/ly for the psriod Janpuary throwgh May. Diatoms

afrr 1t phy

oplanlkton groupn during this htime, and were

“hicularly mamero

Fabruary although this w
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Figure 6.@. HMean values for surface water chlorophyll a concentrations at six

stations in the Little Manatee River estuary.
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Lot

nothe early

ware low duving the September flood.  FPeabk chlorophyll

concentrations ccocwred in late September and early October, when

cthris sp. reached high densities. It

the hlue—gresn alaga Sohi

iz believed this blus 1 algal bloom was agsociated with the

=

in the bay following

inc*aasea nutrients and redused saliniti
the Deptember flood. Chlorophyll levels returned to low values
in the following winter period. .

Chlorophyll concentrations were vemarikably stable at the 18
ppt station, being less than 10 uwg/l except duwring the October

Schizothrix bloom when this station was located at the Tampa BRay

site. With the exwception of this bloom, microflagellates and
diatoms were the dominant phytoplankton groups at this station.
Chlovrophyll concentyations at the 12 ppt station showed a
steady increase from winter to spring and were maximal in early
July. This July peak was due to a bloom of an unknown, naked

upan pres2ayvation. Chlorophyll

dinoflagellate which burst

il

wwtoplankton zells weve low duvring the

concentrations and o
September flood and remained below 10 mg/l for the remainder of

the study. After the flood, larges numbers of the blues—green alga

Zobizothrix were not found at this station as the bloom was

oo T

confined

e
e
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important as watey catures lnore

chlovopthiyll levels and phytopleankton abundance were observed
during August and September whern river flowse were at high
seasonal levels. Tt iz sugoested that low residence times in fthe
upper estuary during High flow periods inhibited the develophent
of large phytoplaﬁkton populations. Values for.bmth parameters
increased during Qotober, and showed pronounced short-lterm
variations, occasionally reaching high values, during the-
following fall and winter. Diatoms and micrpflagellates were the
dominant phytoplankton groups at this station with diatoms at
their greatest abundance during the fall and early winter. Also,
several typical freshwater species were periodically found at
thi= station.

Dhlmrophylf concentrations at the O ppt salimity statiaon
showed large seasonal variation, ranging between 2.1 ug/l and.
£2.8 ug/l. Chlorophyll concentrationz were low in the winter of

valuss between 15 and 40 ugldl during April

211 returned to low valuss from July

through September. ol anktar mumbers followed this same

trend and were low during the winter (January and Februavy) and

DL coant s, Al thousoh tempaevatuye

important for the wint minrima, Loth

S ]




prccdey ate to high
showad pronouncead peaks when flows retwned to novmal oo Dotober .

The firset peak was dus to a bloom of Skelobtemems costatum, a

ubiguitous estuarine diatom that was distributed throughout the

river and bay. The zecand bloom was comprised of Targes numbers

of Dyelotella sp., & gspecies that was restvicted to low salinity

waters. Chloroaphyll and phytoplankton showed large variations
for the remainder of the year with pericdic blooms due primarily
to diatoms or micrmflagalléteg. Freshwater chlorophytes (green
algae) were most abundant at this station but never averaged more
than 7 percent of the total pﬁytuplanktmn cells. High
chlorophyll and phytoplankion values at this station were the
result of rapid algal agrowth in the estuary, and not importation
from upstream, since :hlm?aphyll values at the most downstream
freshwater stream station averaged 2.7 wg/l and never emceedgd
8.6 ug/l.
Chlorophyll values at Rﬂﬁkin Inlet showed a seasonal pattern
distinct from cother stations.  In contrazt to the other sites,

chlarophyll concentrations were high in the winter of 1985,

Chilcorophyll concentrations vemalned bhetweesn 10 and 20 ug/l during

summey , generally being the highest values found in the

(23
sy
L}
o

gztuary during that pericd.  Feak chlorophyll wvalues cocury

The most

November due to a2 bloom of Shelotemsms oo

community in

motable characteristic of the phybon]

Dol o B vl B S A W

of aoh




particulerry Euglenoid- flanel I‘Qtes, and dincoflapellates.
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desociation,

Dames and Moore.
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